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A FHILOSOPHEB was asked: — ^How much does smoke weigh! 
He answered: Subtract from the weight of the fuel the weight 
of the ashes^ and thou hast the weight of the smoke. Thus he 
assumed as incontrovertible that, even in the fire, the Substance 
does not perish, only its Form undergoes a change. In like 
manner the proposition, Nothing eon come of Nothing, was only 
another consequence of the Principle of Permanence, or rather 
of the Principle of the Enduring Existence of the same subject 
with different appearances. 

Kakt, KriiUc d, r. Vem, 
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TEE PKELOSOPHT OF CHEMISTRY, 



CHAPTER I. 
AiTEMFre TO CONCEIVE Elemehtaky Composition. 



■ W/"-^ tare now to bring into view, if poasible, the 
VV Ideas and General Principles which are in- 
volved in Chemiatry, — the science of the compoBition 
of bodies. For in this as in other parte of homan 
knowledge, we shall find that there are certain Ideas, 
deeply seated in the mind, though shaped and unfolded 
by extemiJ observation, which are neceaaary conditiona 
of the exifitenco of such a, science. These Ideas it is, 
w-hich impel man to such, a knowledge of the Composi- 
tion of bodies, which ^ve meaning \a facta exhibiting 
this composition, and unvnersality to special tmths 
discovered by experience. These are the Ideas of 
Ulement and of Svh»ta/aet. 

Unlike the Idea of Polarity, of which we treated in 
the last Book, these Ideas have been current in men's 
minds fi^om. very early times, and formed the subject 
of some of the first speculations of philosophers. It 
happened however, as might have been expected, that 
in the first attempts they were not clearly distinguished 
from other notions, and were apprehended and applied 
n obscure and oonfiised manner. We cannot better 
exhibit the peculiar character and meaning of these 
Ideas than by tracing the form which thoy have assumed 
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and the efficacy which they have exerted in these sa&- 
cessive essays. This, therefore, I shall endeavour 
do, beginning with the Idea of Element. 

2. That bodies are couipoaed or made up of certain 
parts, elements, or prinriples, is a conception which 
has existed in men'a minda from the beginning of tha 
first attempts at speculative knowledga The doctrine 
of the Four Elements, Earth, Air, Fire and Water, of 
which all things in the universe were supposed to be 
constituted, is one of the earliest forma in which this 
conception was sjatematized; and this doctrine ia 
stated hy various authors to have existed as early as 
the times of the ancient Egyptians '. The words usiwJly 
employed by Greek writers to express these elements 
are iipx'l "■ principle or beginning, and •rraif^tiOi', 
which probably meant a letter (of a word) before It 
meant an element of a compound. For the resolution 
of a word into its letters is undoubtedly a remarkable 
instance of a auccessfiil analysis performed at an early 
stage of man's history; and might very naturally 
supply a metaphor to denote the analysis of subatancea 
into their intimate parts, when men began to contem-, 
plate such an analysis aa a subject of speculation. The 
Latin word elem&tUutn, itself, though by its form It 
appears to be a derivative abstract term, comes from 
some root now obsolete; probably' from a word signi- 
fying to grow or spring up. 

The mode in which elements form the compound 
bodies and determine their properties was at first, as 
might be expected, vaguely and variously conceived. It 
will, I trust, hereidler be made clear ki the reader that 
the relation of the elements to the compound involvee 
a peculiar and appropriate Fundamental Idea, not sus- 
ceptible of being correctly represented by any compari- 
son or combination of other ideas, and guiding us to 
clear and definite results only when it is illustrated 
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and nourished by an abundant supply of experimental 
fects. But at first the peculiar and special notion 
wbicfa is required in a just conception of the constitn- 
tion of bodies vas neither discerned nor suspected j 
and up to a very late period in the history of chemia- 
try, men went on attempting to apprehend the consti- 
tution of bodies m.ore clearly by substituting for this 
obscure and recondite idea of Elementaiy Composition, 
some other idea more obfious, more luminous, and 
more familiar, such aa the ideas of Resemblance, Posi- 
tion, and mechanical Force. We shall biiefly speak 
of some of these attempts, and of the erroura which 
were thus introduced into speculations on the relations 
of elements and compounds. 

3. Compounds asev/med to retemtie their Elementa. 
— The first notion was that compounds derive their 
qualities from their elements by reaeinilance: — they 
are hot in virtue of a hot element, heavy in virtue of a 
heavy element, and bo on. In this way the doctrine 
of the^bwr elemenU was fiamed; for every body is 
either hot or cold, moist or dry; and by combining 
these qnahties in all possible ways, men devised four 
elementary substances, as has been stated in the His- 
tory*. 

This assumption of the derivation of the qualities of 
bodies iVom. similar qualities in the elements was, as we 
ahall see, altogether baseless and implulosophical, yet 
it prevailed long and universally. It was the found*- 
tion of medicine for a long period, both in Europe and 
Asia; disorders being divided into hot, cold, and the 
like; and remedies being arranged according to similar 
distinctions. Many readers wfll recollect, perhaps, the 
Btory* of the indignation which the Persian physicians 
felt towards the European, ■when he undeitook to 
cure the ill effects of cucumber upon the patient, by 
means of mercurial medicine ; for cucumber, which is 
cold, could not be counteracted, they maintained, by 
mercury, which in their classification is cold also. 
Similar views of the operation of medicines might 
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easily be traced in onr own conntry. A moraentl 
reflection may convince ua tliat when drugs of any' 
kind are subjected to the chemistry of the hi 
stomach and thns made to operate on the human frame^ 
it is utterly impossible to form the most remote coo-- 
jecture what the result will be, from any such vague 
notions of their qualities as the common use of onr 
senses can giTe. And in like manner the common ope- 
rations of chemistry give rise, in almost every instance, 
to products which bear no resemblance to the materials 
employed. The results of the furnace, the alembic, tli» 
mixture, frequently have no visible likeness 
ingredients operated upon. Iron becomes steel by thai 
addition of a little charcoal ; but what visible trace ~ 
the charcoal ia presented by the metal thus modified f ■ 
The most beautiful colours are given to glass a 
earthenware by minute portions of the ores of bit 
or dingy metals, as iron and manganese. The worker 
in metEJ, the painter, the dyer, the vintner, the brewer, 
all the artisans in short who deal with practical che- 
miatiy, are able to teach the speculative chenuat that 
it is an utter mistake to expect that the i^ualities of 
the elements shall be still discoverable, in an unaltered 
form, in the compound. This first nide notion of an 
element, that it determines the properties of bodies 6y 
rea&mblance, must be utterly rejected and abandoned 
before we can make any advance towards a true appra- 
hension of the constitution of bodies. 

4. This step accordingly was made, when the hypo- 
thesis of the four elements was given up, and the doc- 
trine of the three Prindplea, Salt, Sulphur, and Mer- 
cury, was subatitttted in its place. For in making 
this change, as I have remarked in the History', the 
real advance was the acknowledgment of the changes, 
produced by the chemist's operations, as results to lie 
accounted for by the union and separation of substan- 
tial elements, however great the changes, and however 
unlike the product might be to the materiola. And 
this step once made, chemists went on constantly 
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advancing towards & truer view of the nature of aa 
element, and consequently, towards a more satisfactory 
theory of chemical operations. 

5. Yet we may, I think, note one instance, even in 
the works of eminent modem chemists, in which this 

dm, that we have no right to expect any resem- 
blance between the elements and the compound, is lost 
sight of. I speak of certain clasaifications of mineral 
suhatances. Berzeliua, in his System of Mineral Ar- 
rangement, places sulphur next to the sulphurets. But 
surely this is an errour, involving the ancient assump- 
tion of the resemblance of elements and compounds ; 
aa if vre were to expect the sulphurets to bear a re- 
semblance to sulphur. All classifications are intended 
to bring together things resembling each other ; the 
sulphurets of metals have certain general resemblances 
to each other which make them a tolerably distinct, 
weH determined, class of bodies. But sidphur has uo 
resemblances with these, and no analogiea with them, 
either in physical or even in chemical properties. It 
ia a ample body; and both its resemblances and its 
analogies direct ua to place it along with other simple 
bodies, (selenium, and phosphorus,) which, united with 
metals, produce compounds not very different from the 
sulphurets. Sulphur cannot be, nor approach to being, 
a snlphuret; we must not confound what it is with 
what it Wjokes. Bulphvir has its proper influence in 
determining the properties of the compound into which 
it eaters ; but it does not do this according to resem- 
blance of qualities, or according to any principle which 
properly leads to propinquity in classification. 

6. Compounds assumed to be determined by the 
Figure of Elenyenta. — I pass over the fanciliil modes of 
representing chemical changes which were employed 
by the Alchemists; for these strange inventions did 
little in leading men towards a juster view of the rela- 
tions of elements to compounds. I proceed for au 
instant to the attempt to substitute another obvioua 
conception for tlie still obscure notion of elementary 
composition. It was imagined that all the proper- 

■ a of bodies and their mutual operations might l>e 
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accounted for by suppoamg them eonatituted o!partia 
of various forms, round or angular, pointed or hookc 
Btraight or spiral. This is a very ancient hypottea 
and a favourite one with many casual t 
all ages. Thus Lucretius undertakes to explain k 
wine paases rapidly through a sieve and oil ^owly, 1 
telling us that the latter substance has its pa ' ' " 
either larger than those of the other, or more h 
and interwoven together. And ho accounts tar t 
difference of sweet and bitter by supposing the f 
cles in the former case to be round and smooth, in 
latter sharp and jagged'. Similar aaaumptionH ] 
vailed in modem times on the revival of the mw 
nical philosophy, and constitute a large part of t 
physical schemes of Descartes and GasaendL "" 
were also adopted to a considerable extent by i 
chemists. Acids were without hesitation a 
conaist of sharp pointed particles; which, 'I hof 
Lemery says', 'no one will dispute, seeing every o 
experience does demonstrate it : he needs but t 
acid to be satisfied of it, for it pricks the tongne li 
anything keen and finely cut.' Such a 
ia not only altogether gratuitous and useless, but a 
pears to be founded in some degree upon a 
in the metaphorical and literal use of such words a 
heen and sharp. The assumption once made, it "« 
easy to accommodate it, in a manner equally arbitr 
to other facts. ' A demonstrative and convini 
proof that an acid does consist of pointed parts is, t 
not only all acid salts do crystallize into edges, I 
dissolutions of different things, caused by acid liquor^v 
do assume this figure in their crystallization. Thessf 
crystals consist of points differing both in length anil 9 
bigness one fi'om another, and this diversity must be I 
attributed to the keener or blunter edges of the difr f 
ferent sorts of acids : and so likewise this difference at. ] 
the points in subtilty is the cause that one acid ( 
penetrate fmd dissolve "with one sort otmixt, that aao> I 
ther can't rariiy at all ; Thus vinegar dissolves lead, ■? 

' Sc Rerum Xalara, U. 393 Bqq. ' Chen 
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wMcli aqua Jbrtis can't : aqua foH'ix dissolres ipaek- 
tilver, which vinegar will not touch ; aqua regalia dis- 
solves gold, whenas aqua /oriis cannnt meddle with it; 
on the contrary, agua /ortia dissolves »'dver, but can 
do nothing with gold, and so of the rest.' 

The leading &ct of the vehement combination and 
complete union of acid and alkali readUy suggested a 
fit form for the particles of the latter claM of sab- 
Btanccs. ' This ^ect,' Leiuery adds, ' may make ns 
reasonably conjecture that an alkali is a terrestrions 
and solid matter whose forms are figured after such a 
manner that the acid points entering in do strike and 
divide whatever opposes their m.otion.' And in a like 
spirit are the speculations in Dr. Mead's Mechanical 
Account of Foisong {1745)- Thus he explains the 
poisonous effect of corrogive suhlimaie of mercury by 
saying* that the particles of the salt are a kind of 
lumRlla- or blades to which the mercury gives an addi- 
tional weight. If resublimed with three-fourths the 
quantity of mercury, it loses its coiroaiveness, (becom- 
ing catoTod^) which arises from this, that in sublima- 
tion 'the crystalline blades are divided every time 
more and more by the force of the fire:' and 'the 
broken pieces of the crystals uniting into little masses 
of differing figures from their former make, those cut- 
ting points are now so much smaller that they cannot 
make wounds deep enough to be equally mischievous 
and deadly : and therefore do only vellicate and twitch 
the sensible membranes of the stomach.* 

7. Among uU this very tancijiil and gratuitous as- 
sumption we may notice one true principle clearly 
introduced, namely, that the Buppoaitiona which we 
mate respecting the forms of the elementary particles 
of bodies and their mode of combination must be such 
as to explain the iacts of cr^tallization, as well aa of 
mere ckemic^ change. This principle we shall here- 
after have occasion to insist upon further. 

I now proceed to consider a more refined form of 
assumption respecting the constitution of bodies, yet 
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Btill one in vhich a vain attempt is made to substitute I 
for the peculiar idea of chemical compoeitiou a more \ 
familiar mechanical conception. 

8. Compounds asswmed to he deUrTninsd by tKt Mo- I 

diankal Attraction of the Elemenia. — -WheD, in c 
quence of the inveatigationB and discoveries of Ne'wton 1 
and his predeceBgors, the conception of meohimical I 
force had become clear and ikmiliar, so liu' oa the j 
action of external forces upon a body was concerned, it ] 
was very natural that the mathematicians who had 1 
pursued this train of speculation should attempt to I 
apply the same conception to that mutual action of the I 
internal parts of a body by which they are held to- ] 
gether. Newton himaeLt' had pointed the way to this j 
attempt. In the Preface to the Prinaipia, after speak- 
ing of what he has done in oalculatiug the effects of I 
forces upon the planets, satellites, &c, he adds, 'Would f 
it were permitted us to deduce the other phenomena I 
of nature from mechanical principles by the same kind | 
of reasoning. For many thinga move me to su _ 
that all these phenomena depend upon certain forces, ] 
by which the particles of bodies, through causes not i 
yet known, are either urged towards each other, and , 
cohere according to regular figures, or are repelled and 
recede from each other; which forces being unknown, , 
philosophers have hitherto made their attempts upon 
nature in vain.' The same thought is at a later period 
followed out further in one of the Queries at the end 
of the Opticks'. 'Have not the small particles of 
bodies certain Powers, Virtues, or Forces, by which i 
they act at a distance, not only upon the rays of light 
for reflecting, refracting and inflecting them, but also 
upon one another for producing a great part of the 
phenomena of nature?' And a little fiirther on he 
proceeds to apply this expressly to chemical changes. 
' When Salt of Tartar runs per deliquinm [or as we 
now express it, deliquesces] is not this done by an at- 
ti-actum between the particles of the Salt of Tartar 
aad the particles of the water which float in the air in 
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the form of vapours! And why does not coiamon salt, 
' or saltpetre, or vitriol, nin pw tMiiptiwn. but for want 
of soch aji attraction! or "why does not Salt of Tartar 
draw more water out of the air than in a certain pro- 
portion to its quantity, but for want of an attractive 
force afler it ia saturated with waterl' He goes on to 
put R great number of aimilar caaea, all tending to the 
same point, that chemical combinations cannot be 
conceived in any other way than aa an attraction of 
particles. 

9. Succeeding speculators in his school attempted 
to follow ont this view. Dr. Frend, of Cthriat Church, 
in 1 7 1 o, published his PnEleetionf* Ckymicrw, in tpiibus 
oTmiea fere Operationes Chymicce ad vera Prineipia ex 
ipakig NatuTfE LeffSms redigvmtur. Oxonii hahitte. 
This book is dedicated to Newton, and in the dedica- 
tion, the promise of advantage to chemistry from the 
influence of the Newtonian discoveries is spoken of 
somewhat largely, — much more largely, indeed, than 
has yet been justified by the sequeL After declaring 
in strong terms that the only prospect of improving 
science consists in following the footsteps of Newton, 
the author adds, ' That force of attraction, of which 
you first BO successfully traced the influence in the 
heavenly bodies, operates in the most minute corpus- 
cles, aa you long ago hinted in your Frineipia, Mid 
have lately plainly shown in your Opticis; and this 
(brce we are only just beginning to perceive and to 
atudy. Under these circumstances I have been de- 
sirous of trying what is the result of this view in 
chemistry.' The work opens formally enough, with a 
statement of general mechanical principles, of which 
the most peculiar are these ; — ' That there exists an at- 
tractive force by which particles when at very small 
liistanees from each other, are drawn together ; — that 
this force is different, according to the different figure 
and density of the particles ; — that the force may be 
greater on one side of a partide than on the other ; — 
that the force by which particles cohere together arises 
from attraction, and is variously modified according to 
the quantity of contacts.' But these principles are not 
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applied in any definite manner to the explanfttion of 
specific phenomena. He attempts, indeed, the qnee- ■ 
tion of apeciaf solvents'". Why does aqua fortia dia- | 
solve silver and not gold, while aqua regia dissolves 
gold and not silver? which, he says, ia the most diffi- 
cult question in chemistry, and which is certainly a 
fiindajnentel question in the formation of chemical 
theory. He solves it by certain assumptions respecting 
the forces of attraction of the particles, and tJso the I 
diameter of the particles of the acids ajid the pores of I 
the metals, all vrhich suppositions are gratuitous. 

1 o. We may observe fiirther, that by speaking, aa 
I have stated that he does, of the figure of particles, 
he mixes together the assumption of the last section 
with the one Tfhich we are considering in this. This 
combination is very nnphilosophical, or, to say the 
least, very inavtfficient, since it makes a new hypothesis 
necessary. If a body be composed of cubical particles, 
held together by their mutual attraction, by what force 
are the parts of each cube held together? In order to 
understand their structure, we are obliged again to as- 
sume a cohesive force of the second order, binding to- 
gether the particles of each particle. And therefore 
Newton himaelf says", very justly, 'The parts of all 
homogeneal hard bodies which ftilly touch each other, 
stick together very strongly : and for explaining how 
this is, some have invented hooked atoms, which is ,„ 
hegging tlm quettiim.' For {he means to imply,} how do 
the parts of the hook stick together? 

The same remark is applicable to all hypotheses in 
which particles of a complex structure are aasiuued as 
the constituents of bodies : for while we suppose bodies 
and their known properties to rrault from the mutual 
actions of these particles, we are compelled to suppose 
the parts of each particle to be held together by forces 
still more difficult to conceive, sinc« they are disclosed 
only by the properties of these particles, which as yet 
are unknown. Yet Newton himself has not abstained 
from such hypotheses: thus he says", 'A particle of 
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a aaJt may be compared to a chaos, being dense, h(crd, 
dry, and earthy in the center, and moist and watery 
in the circiunference.* 

Since Newton's time the use of the term attraction, 
as espreasiiig the cause of the union of the chemical 
elements of bodies, has been familiarly contiimed ; and 
has, no doubt, been accompanied in the minds of many 
persona with an obscure notion that chemical attrac- 
tion is, in some way, a kind of mechanical attraction 
of the particles of bodies. Yet the doctrine that cke- 
Tnical 'attraction' and mechanical attraction are forces 
of the same kind hs^ never, so far as I am aware, been 
worked out into a system of chemical theory; nor even 
applied with any distinctness aa an eiphination of any 
particular chemical phenomena. Any such attempt, 
indeed, could only tend to bring more clearly int*> 
view the entire inadequacy of such a mode of expla- 
nation. For the leading phenomena of chemistry are 
all of such a. nature that no mechanical combination, 
can serve to express them, without an immense accu- 
mulation of additional hypotheses. If we take as our 
problem the changes of colour, transparency, texture, 
taste, odour, produced by small changes in the ingre- 
dients, how can we expect to give a mechanical account 
of these, till we can give a mechanical account of 
colour, transparency, texture, taste, odour, themselves? 
And if our mechanical hypothesis of the elementaiy 
constitution of bodies does not explain such phenomena 
as those changes, what can it explain, or what can be 
the value of it! I do not here insist upon a remark 
which will afterwards come before us, that even crya- 
talline form, a phenomenon of a fer more obviously 
mechanical nature than those just alluded to, has never 
yet been in any degree explained by such assumptions 
as this, that bodies consist of elementary pai'ticlea 
exerting forces of the same nature as the central forces 
which we contemplate in Mechanics. 

When therefore Newton asks, ' When some stones, 
aa spar of lead, dissolved in proper menstruums, be- 
come salts, do not these things show that salts are dry 
earth and watery acid united by attraolionV we may 
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answer, that tiiis mode of expTeadxm appears to be 
intended to identify chemical combination with mecha- 
nical attraction ; — that there would be no objection to 
any sach identification, if we conld, in that way, ex- 
l^ain, or even classify well, a collection of chemical 
facts; but that this has nerer yet been done by the 
help of such expressions. Till some advance of this 
kind can be pointed out^ we must necessarily consider 
the power which produces chemical combination as a 
peculiar principle, a special relation of the elements, 
not rightly expressed in mechanical terms. And we 
now proceed to consider this relation under the name 
by which it is most familiarly known. 



AXD Develophzst of the Idea of 
Chkigcaj:. Affchtt. 



t. rrVHE earlier chemiate did not c^mmonlj iavolre 
X themselves in the confusion into which the 
mechanical philosophers ran, of comparing chemical to 
mechanical forces. Their attention was engaged, and 
their ideas were moxilded, by their own puiBuits. They 
saw that the connexion of elements and compaimds with 
which they had todeal, was apeculiar relation which most 
be studied directly; and which must be understood, if 
understood at all, in itself and not by comparison wiih 
a different class of relations. At different periods of 
the progress of chemistry, the conception of this rela- 
tion, still Taguc and obscure, was expressed in various 
maimera; and at last this conception was clothed in 
tolerably consistent phraseolc^, and the principles 
which it involved were, by the united force of thought 
and experiment, brought into view. 

2. The power by which the elements of bodies 
combine chemically, being, as w^e have seen, a peculiar 
agency, different from mere mechanical connexion or 
attraction, it is desirable to have it designated by a, 
distinct and peculiar name ; and the term Affinity has 
been employed for that purpose by most modem che- 
mists. The word ' affinity* in common language means, 
sometimes resemblance, and sometimes relationship 
and ties of iamily. It is from the latter sense that the 
metaphor is borrowed when we speak of 'chemical 
affinity.' By the employment of this term we do not in- 
dicate a resemblance, but a disposition to unite. Using 
the word in a common unscientific manner, we might 
say that chlorine, bromine, and iodine, have a great 
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Tiotural affmiiy with each other, for there are oonsi- 
derable resemblancea and luialogies timong them; but I 
these bodies have very little cltemical Affinitj for eaali I 
other. The use of the word ia the^rnier sense, of resem- f 
blance, can be traced in earlier cheminta ; but the word. I 
does not appear to have acqiured its peculiar chemical 1 
meaning till after Boerhaave's time. Boerhaave, bow- 1 
ever, is the writer in whom we first find a due appre- I 
hension of the peculiarity and importance of the Idea 1 
which it now expresses. When we make a chemical I 
solution', he says, not only are the particles of the dia- I 
solved body separated from each other, but they are I 
closely miited to the particles of the solvent. When I 
aqua regia disaolves gold, do you not see, he says to \ 
his hearers, that there must be between each particle I 
of the solvent and of the metal, a mutual virtue by | 
which each loves, unites with, and holds the other | 
{ainat, unit, retinet) 1 The opinion previously preva- ( 
lent had been that the solvent merely separates the ' 
pu-ta of the body dissolved : and most philosophers I 
had conceived thia separation as performed by mechani- 
cal operations of the particles, resembling, for in- 
stance, the operation of wedges breaking up a block of 
timber. But Boerhaave forcibly and earnestly points 
out the insufficiency of the conception. This, he says, 
does not account for what we see. We have not only J 
a. separation, but a new combination. There is a force | 
by which the particles of the solvent associate to them- 
selves the parts dissolved, not a force by which they I 
repel and dissever them. We are here to imagine not ' 
mechanical action, not violent impulse, not antipathy, 
but love, at least if love be the desire of uniting. (Non , 
igituF hie etiam actionoa mechanicce, son propulsionea I 
violent(e, non inimicitiie cogitandte, sed amicitiie, si 1 
amor dicendus copulie cupido,) The novelty of this I 
view is evidenced by the mode in which he apologizes I 
for introducing it. ' Fateor, paradosa hseo aaaertio.' 1 
To Boerhaave, therefore, (especially considering his I 
great influence as a teacher of chemistry,) we may 1 

1 EUmcala Chemia. Lugi Bsl. i7ji, p. 677. 
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assigii the merit of first diffiising ft jiroper view of 
Chemical Affinity as a. peculiar force, the origin of 
ftlmost all ctemicnJ ctumgea ajid operations. 

3. To Boerhaave is usually assigned also the credit 
of introducing the toord 'Affinity' among chemists ; but 
I do not find that the word ia often used by him in 
this sense; perhaps not at all'. But however this may 
be, the term is, on many aeconnta, well worthy to be 
preserved, as 1 shall endeavour to show. Other terms 
were used in the same sense during the early part of 
the eighteenth century. Thus when Geoffroy, in 1718, 
laid before the Academy of Paris his Tables of Affini- 
ties, which perhaps did more than any other event to 
fix the Idea of AJEnity, he termed them ' Tables of the 
Eolations of Bodies;' ' Tables des Sapporis :' speaking 
however, also, of their ' disposition to unite,' and using 
other phrases of the same import. 

The term attractvm, having been recommended by 
Newton as a fit word to designate the force which pro- 
daces chemical combination, continued in great &vour 
in England, where the Newtonian philosophy was 
looked upon as applicable to every branch of science. 
In France, on the contrary, where Descartes still 
reigned triumphant, 'attraction,' the watch- word of 
the enemy, was a sound never uttered but with dialite 
and suspicion. In 1718 (in the notice of Geoflroy's 
Table,) the Secretary of the Academy, after pointing 
out some of the peculiar eircumstonces of chemical 
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comliinatiofts, says, ' Sympathies and attractions would 
suit well here, if there were euch things.' ' Les fym- 
pathies, les attractions con'viendi'oient liien ici, ai ellea 
fitaient quelque chose.' And at a later period, in 
1731, having to write the eloge of Geofiroy after his 
death, he saya, ' He gave, in 1 7 1 8, a singular system, 
and a Table oi Affinities, or Kelations of the different 
substances in chemistry. These aflinlties gave uneasi- 
ness to some peraonB, who feared that they were 
attractwna in disguise, and all the more dangerous in 
consequence of the seductive forms which clever people 
have contrived to give them. It was found in the 
sequel that this scruple might be got over.' 

This is the earliest published instance, so far as I am 
aware, in whieh the word 'Affinity' is distinctly used 
for the cause of chemical oomposition j and taking into 
account the circumstances, the word appears to have 
been adopted in France in order to avoid the word 
attraction, which had the taint of !Newtonianism. Ac- 
cordingly we find the word affinite employed in the 
works of French chemists fi-om this time. Thus, in the 
TranaoGtiona of the French Academy for 1746, iu a 
paper of Macquer's upon Arsenic, he says', ' On peut 
facilement rendre raiaon de ces phenom^n^ pai" le 
moyen dea a£nit6s que lea difiurens substances qui 
entrent dana cea combinaisons, ont lea uns avec les 
autres :' and he proceeda to explain the Jacta by refer- 
ence to GeofflMy'e Table. And in Macquer's MlmnerUs 
of C/iemietry, which appeared a few years later, the 
'Affinity of Composition' is treated of as a leading part 
of the subject, much in the same way as has been prac- 
tised in such books up to the present time. From this 
period, the word appears to have become familiar to 
all European chemists in the sense of which we are 
now speaking. Thus, in the year 1758, the Academy 
of Sciences at Eouen offered a prize for the best dis- 
sertation on Affinity, The prize was shared between 
M. Limbourg of Theux, near laege, and M. Le Sage 
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of GeneTa'. About the aame time other persons 
(Manherr", Nicohii' and others) wrote on the same 
subject, employing the same name, 

Neveitheless, in 1775, the Swedish chemist Berg- 
man, pursuing etall further this subject of Chemical 
Affinities, and the expression of them by means of 
Tables, returned again to the old Newtonian term; 
and designated the disposition of a body to combine 
with one rather than another of two others aa Elective 
Attraction. And us hia work on Elective AUraclioTis 
had great circulation and great influence, this phrase 
has obtained a fijoting by the side of AJmity, and both 
one and the other are now in common use among 
chemists. 

4. I have said above that the term AJinittf is 
worthy of being retained as a technical term. If we 
use the word attraction in this case, we identify or 
compare chemical with mechanical attraction; fix>m 
which identification and comparison, as I hare already 
remarked, no one has yet been able to extract the means 
of expressing amy dngle scientific truth. If such an 
identification or comparison be not intended, the use 
of the same word in two different senses can only lead 
to eoniiiBion; and the proper course, recommended by 
aU the best analogies of scientific history, is to adopt a, 
peculiar term for that peculiar relation on which che- 
mical composition depends. The word A_ffinUy, even if 
it were not rigorously proper according to its common 
meaning, still, being simple, familiar, and well estar 
bliahed in this very usage, is much to be preferred 
before any other. 

But further, there aj« some analogies drawn from 
the common meaning of this word, wliich appear to 
recommend it as suitable for the office which it has to 
discharge. For common mechanical attractions and 
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repulsions, the forces by wtich one body coniaidered a 
a. whole acta upon another eitemal to it, are, i 
have said, to be distinguiahed &oiu thoae more 
mate ties by which the parts of each body are he 
gether. Now this difierence is implied, if we cor 
the former relations, the attructiona and repulsions, t 
alliances and wars between States, and the latter, i" 
internal union of particles, to those bonds ol 
■which connect the citizena of the same state with o 
another, and especially to the ties of Family. We h 
seen that Boerhaave compares the union of two t 
ments of a compound to their marriage; 'i 
allow,' says an eminent chemist of our owi 
'that there is some truth in this poetical com_ 
It contains this truth, — that the two become one i 
moat intents and purposes, and that the Unit thuc 
formed {the Family) is not a mere jurtapoaition of thi 
component parts. And thus the Idea of A ffini ty a 
the peculiar principle of chemical composition 
blished among chemists, and designated hy a familiarfl 
and appropriate nama 

5. Anidyeia is posaibU.'—'We must, however, 
deavour to obtain a further insight into this Idea, tl 
fixed and named. We must endeavour to extricate, i 
Tiot from the Idea iteel^ from the processes by which il 
has obtained acceptation and currency among chemists, 1 
some principles which may define its application, some I 
additional specialities in lie relations which it implies 
This we shtdl proceed to do. 

The Idea of Affinity, as already explained, implies i 
disposition to combine. But this combination is to be I 
understood as admitting also of a possibility of separ»- 1 
tion. Synthesis implies Analysis as conceivable : o 
recur to the image which we have already used, Di- 
vorce is possible when the Marriage has taken place. 

That there is this possibility, is a cooviction implied i 
in all the researches of chemista, ever since the trua I 
notion of composition began to predominate in their J 
inveatigationa. One of the first persons who clearly j 

' Diunaa, Lefena de PkiL CAwn. p. 363. 
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expressed this coaviction was Mayow, an English phy- 
Eddaii, who published hia Medico-Physieal Tracts in 
1674. The first of them De Sale-Nitro et Spiritu 
NUro-Aerio, contains a clear enunciation of this prin- 
ciple. After showing how, in the combinations of 
oppOMte elements, as acid and alkali, their properties 
entirely disappear, and a new substance is formed not 
at idl resembling either of the ingredients, he adds' 
'Although these salts thus mixed appear to be de- 
stroyed it is still possible for them to be separated 
from each other, with their powers still entire.' He 
proceeds to exemplify this, and illustrates it by the 
same image which I have already already alluded to : 
' Salia acida a sallbua Tolatilibus discedunt, ut cum 
Bale fixo tartori, tonquam spaneo magis idoneo, conjur- 
giv/m atrictius ineunt.' This idea of a synthesis which 
left a complete analysis still possible, was opposed to a 
notion previously current, that when two heterogene- 
ous bodies united together and formed a third body, 
the two constituents were entirely destroyed, and the 
result formed out of their ruins'. And this concep- 
tion of Synthesis and Analysis, as processes which 
are possible successively tmd alternately, and each of 
which supposes the possibility of' the other, has been 
the fnndajnental and r^ulative principle of the opera^ 
tions and speculations of analytical chemistiy from the 
time of Mayow to the present day. 

6. Affinity is Blective.- — When the idea of chemical 
affinity, or disposition to unite, was brought into view 
by the experiments and reasonings of chemists, they 
found it necessary to consider this diapoaition as efec- 
{f'oey — each element chose one rather than ajiother of 
the elements which were presented to it, and quitted 
its union with one to unite with another which it pre- 
ferred. This has ^cady appeai'ed in the passage just 
quoted from Mayow. He adds in the same strain, ' I 
have no doubt that fixed salts choose one acid rather 
than another, in order that they may coalesce with it 
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in a more intimate union.' — ' Nnlliis dubito salia fixal 
acidum unum prce oliis eligere, ut cum eodera arctiore J 
uaiono coaleacant.' The satae thought is expreeaedf 
and exemplified Ly other chemists: they notice in-* 
numerable cases in which, when an ingredient is com- F 
bined with a liquid, if a new substance be immersed I 
which has a greater affinity for the liquid, the liquid . I 
combine*) with the new substance by election, and tha 1 
former ingedient is predpiUUed. Thus St^l says", I 
'In spirit of nitre dissolve silver; put in copper and I 
the silver is thrown down; put in iron and the copper J 
goes down; put in sine, the iron precipitates; put in 
volatile alkali, the zinc is sepai'ated; put in Sxed al- 
kali, the volatile quits its hold.'- — As may be seem in , 
this example, we hkve in such cases, not only a prefer- 1 
ence, but a long gradation of preferences. The spirit I 
of nitre will combine with silver, but it prefers copper; / 
prefers iron more; zinc still more; volatile alk^ yet 1 
more ; fixed alkali the most. 

The same thing was proved to obtain with regard to 
each element; and when this was ascertained, it be- 1 
came the object of chemists to express these degrees of 1 
preference, by lists in which substances were arranged 
according to their disposition to unite with another 
substance. In this manner was formed Oeoffi-oy's Ta- 
ble of Affinities (1718), which we have already men- 
tioned. This Table was ftuther improved by other 
writers, as Gellert (1751) and Limbourg (1761). Fi- 
nally Bergman improved these Tables still further, 
taking into account not only the order of affinities of 
each element for others, but the sum of the tendencies 
to unite of each two elements, which sum, he held, de- 
termined the restating combination when several ele- 
ments were in contact with each other. 

7. Aa we have stated in the History", when the 
doctrine of elective affinities had assumed this very 
definite and systematic form, it was assailed by Ber- 
thoUet, who maintained, ia his E»iai da Slatique 

" Zmnolidmla, 1697. p. 117. 
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Ghim.iq^i£, (1803,) that cliemical afEnities are not elec- 
tive ; — thjit, when various elements are brought toge- 
ther, their combinations do not depend upon the kind 
of "elementa alone, but upon the quantity of each which 
is present, that which, is most abundant always enter- 
ing most latgely into the resulting compounds. It 
may seem strange that it ahould be possible, a.t so late 
a period of the science, to throw doubt upon a doctrine 
which, had presided over and directed its progress so 
long. Proust anawei'ed Berthollet, and again main- 
tained that chemical affinity is elective. I have, in 
the History, given the judgment of Berzelius upon 
tliis controversy. ' BerthoUet,' he aays, ' defended 
himself with an acutenesa which makea the reader 
hesitate in his judgment; but the great mass of facts 
finally decided the point in favour of Proust.' I may 
here add the opinion pronounced upon this subject by 
Dr. Turner": 'Bergman erred in supposing the re- 
sult of the chemical action to be in every case owing 
to elective affinity [for this power is modified in its 
efifects by various circumstances] : but Berthollet ran 
into the opposite extreme in declaring that the effects 
formerly ascribed to that power are never produced by 
it That chemical attraction is exerted hetween dif- 
ferent bodies with different degrees of enei^, is, I 
apprehend, indisputable.' And he then proceeds to 
give many instances of differences in affinity which 
cannot be accounted for by the operation of any modi- 
^ong causes. Still more recently, M. Dumas has taken 
a review of this controversy ; and, speaking with en- 
thusiasm of the work of Berthollet, as one which Lad 
been of inestimable service to himself in his early study 
of ebemistry, he appears at first disposed to award to 
him the victory in this dispute. But his final verdict 
leaves undamaged the general principle now under our 
consideration, that chemical sanity is electiva 'For 
my own part,' he says'* 'I willingly admit the no- 
tions of Berthollet when we have to do with acids or 
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with bases, of which the enei^ is nearlj- equal : but 
■when bodies endued with very energetic affinities are 
in presence of other bodies of which the affinities are 
very feeble, I propose to adopt the following rule : In 
a solution, everything remaining dissolved, the strong 
affinities satisfy themselves, leaving the weak atfinitiei 
to arrange matters with one another. The strong 
Hcidn take the strong bases, and the weak suads can 
only unite with the weak bases. The known facte are 
perfectly in accordance with tluB practical rule.' It U 
obvious that this recognition of a distinctiaa between 
strong and weak affinities, which operates to such an 
extent as to determine entirely the result, is a complete 
acknowledgement of the Elective nature of Affinity, as 
fiir aji any person acquainted with chemical opeiutioDS 
could contend for it. For it must be allowed by all, 
that Holubility, and other collateral circumstances, m- 
fluence the course of chemical combinations, since they 
determine whether or not there shall take place 
contact of elements without which affinity cannot 
sibly operate. 

8. Affinity is Definite as to quantity. — In proportii 
as cheraists obtained a clearer view of the products of 
the laboratory as results of the composition of elements, 
they saw more and more clearly that these results were 
definite; that one element not only preferred to 
bine with another of a certain kind, but also v 
combine with it to a certain extent and no AirtlieT'„ 
thus giving t« the result not an accidental and 
able, but a. fbced and constant character. Thus salt 
being considei'ed as the result of the combinaidon 
two opposite principles, acid and alkali, and 
termed neutral when these principles exactly ba 
each other, EoueUe (who was Eoyal Professor at Pi 
in 1742) admits of neutral salts with excess of 
neutral salts with excess of base, and perfect n« 
salts. Beaume maintained" against him that there' 
were no salts except tliose perfectly neutral, the (Ahese 
classes being the results of mixture and imperfect 
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luutiraL But Uug qnestjon was not adequately tiieated 
tall chemists made every cxperiineDt with tbe balance 
in Ihar h&nda. WLeu this was doae, they soon dia- 
covered that, in each neutral salt, the proportional 
wdghte of tie ingredients which oompoeed it were 
always the same. This was ascertained hy Wenzel, 
whose Doctrine of lie AffiniiUs of Bodif-g appeared in 
1777. He not only a£i:ertained that the proportions 
of eJementa in nentral chemical compounds are defi- 
nite, but also that they are reciprocal; that is, (to 
express his results in a manner now employed by che- 
mjste), that if A, a certain weight of a certain acid, 
neutralize m, a certain weight of a certain base, and 8, 
a certain weight of a certain other aeid, neutralize n, a 
certain weight of a certain other base ; the compoond 
of A and n will also be neutisl ; as also that of b and m. 
The same views were again presented by Eichter in 
1792, in his J'rinripUt of tiie Measure of CAemteal 
SlemetUe. And along with these &<rt^ that of the 
ctmbination of elements in multiple proportiana being 
also taken into account, the foundations of the Atomic 
Theory were laid ; amd that Theory was propounded in 
1803 by Mr. Dalton. That theory, however, rests 
upon the Idea of Substance, as well as upon that Idea 
of Chemical Affinity which we are here considering; 
and the discussion of its evidence and truth must be 
for the present deferred. 

9. The two principles just exphiined, — that Affinity 
is Definite as to the Kmd, and as to the Quantity of 
the elements which it unites, — have here been stated as 
results of experiment^ investigation. That they coidd 
never have been clearly understood, and therefore 
never firmly established, without laborious and exact 
experiments, iti certain; but yet we may venture to 
say that being once fully known, they may seem to 
thoughtiul men to possess an evidence beyond that of 
mere experiment. For bow, in iact, can we conceive 
combinations, otherwise than as definite in kind and 
quantity! If we were to suppose each element ready 
to combine with any other indifferenUy, and indif- 
ferently in any quantity, we should have a worid in 
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which all would' be oimfuiuoii and mdefinitenesa. 
There would be no fixed kiadn of budies. Salta, tuui 
KtoiiUM, aiid ores, would approach to and graduate 
iub) (nuili othor by inBciisible degrees. Instead of 
tliiH, WO know ihat the world consists of bodies dis- 
tiiigiiinhabld from each other by definite differences, 
cdpiibln of being classified and named, and of having 
goTKiral propositions asserted concerning tbem. And 
OS we cannot conceive a world in which tliis should 
not be the ca^ it would appear that we cannot con- 
ceive a state of tilings in which the laws of the com- 
biimtion of cleinentH should not be of thtit definite and 
measured kind wldch we have above assected. 

This will, perhaps, appear more clearly by stating 
our fundiuiidntal convictions respecting chemical com- 
position in another form, which I shall, therefore, pro- 
ceed to do. 

10. C/iwmcal Compoiitwn lieterm/mes Physical Pro' 
partiea. — However obscure and incomplete may be our 
conception of the internal powers by which tbe ulti- 
inutti partjoles of bodies are held together, it involve^ 
at Icnat, this conviction : — that these powers are what 
dotormino bodies to be bodies, and therefore contain 
the reason of all the properties which, as bodies, they 
poSBoes. The forces by which the particles of a body 
are held together, also cause it to be hard or so^ 
heavy or light, opake or transparent, black or red ; for 
if thttso fbruoa are not the cause of these peculiarities, 
what ciui be the cause 1 By the very suppoeition 
which wo make respecting these fiirces, th^ include 
nil the relations by which the parts are combined into 
a whole, and therefore they, and they only, must deter- 
mine all the attributes of the whola The foundation 
of all our speculations respecting the intimate constitu- 
tion of bodies must be this principle, that their compo- 
sition det«rniim« their properties. 

Acjcordiiigly we find our chemists reasoning from 
this principle with gi-eat confidence, even in doubtful 
oascB. Thus Davy, in hia researches concerning the 
diamond, says; 'That some chenucol difference must 
exist between the hardest aud most beautiful of the 
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gems and charcoal, Ijetween a non-conductor and a 
conductor of electricity, it is scarcely poaaible to doubt : 
and it seem a reasonable to expect tiat a very refined or 
perfect chemistry will confirm the analogies of rutture; 
and show that bodies cannot be the same in their 
composition or chemical nature, and yet totally differ- 
ent in their chemical propertiea.' It is obvious that 
the principle here asaumed is Bo &r &om being a mere 
result of experience, that it ie here appealed to to 
prove that all previous results of experience on this 
Euhject must be incomplete and inaccurate; and that 
there must be some chemical difference between char- 
coal and diamond, though none bod hitherto been de- 
tected. 

II. In what manner, according to what rule, the 
chemical composition shall determine the kind of the 
substance, we cannot reasonably espect to detenuine by 
mere conjectui'e or assumption, without a^studious ex- 
amination of natural bodies and artificial compounds. 
Yet even in the most recent times, and among men of 
science, we find that an assumption of the most arbi- 
trary character has in one case been mixed up with 
this indisputable principle, that the elementary compo- 
sition determines the kind of tie substance. In the 
classilicatiDU of minerals, one school of miueralogista 
have rightly taJten it as their fundamental principle 
that the chemical composition shall decide the position 
of the mineral in the system. But they have appended 
to this prificiple, arbitrarily and unjustifiably, the 
maxim that the element which is largest in quantity 
shall fix the class of the substance. To make such an 
assumption is to renounce, at once, all hope of framing 
a system which ahall be governed by tbe resemblances 
of the things classified; for how can we possibly know 
beforehand that fifty-five per cent of iron shall give a 
substance its predominant properties, and that forty- 
five per cent, shall not 1 Accordingly, tbe systems of 
mineralogical arrangement whicli have been attempted 
' in this way, (those of Haliy, Phillips, and others,) have 
been found iuconsistent with themselves, ambiguous, 
and incapable of leading to any general truths. 
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1 2. CheviMal CompogUion and CryataUviye Form cor- 
rtipond. — ThuM the physical properties of bodies de- 
[)(ind upon their chemical compositioti, but in a maimer 
which li gtuieral oxamination of bodies with reference 
to their properties and their compoaitioa caa alone 
tietermiue. We may, however, venture to assert 
t\irthiir, that the more detiuite the properties are, the 
mnru distinot may we expect to find this dependence. 
Now the most definite of the properties of bodies ore 
those constant properties which involve relations of 
space; that is, their figur& We speak not, however, 
of that uxtemal figure, derived from external circmn- 
sUucoH, which, so &r from being constant and definite, 
is tiltogetlier oasuol and arbitnuy ; but of that figure 
which itriscs from their intemij texture, and which. I 
shows itaolf not only in the regular forms which they 
spontiuiootiBly assume, but in the disposition of the ' 

iturts to BejMrate in definite directions, and no others, 
in short, the moat definite of the properties of perfect 
chemical comjiovmds is their cryttalline structure; and 
therefore it is evident that the ciystalline structure 
of eaeli body, and the forms which it affects, must be 
in n moat iutaiunte dc]>endence upon its chemical com- 

HiMT) n^n vro are led to the brink of another 
Uiwry; — that of crystalline structure, which has ex- 
cited great interest among philosophers ever since 
the time of Hauy. But this theory involves, beaidea 
that idea of chejuical composition -aath which we are 
here concerned, other conceptions, which enter into 
the relations of figure. These conct^tious. governed 
prtnctpally by the IdM of SymmeUy, must be unfolded 
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'* ' e have fiiat duly cooadered Uie Idea 



CHAPTER III. 
Of the Idea of Substauce. 



I, Axwm of the Indfgt'mcfilnlity of Svhetwnce.- — We 
now come to an Idea of which the history ia very dif- 
ferent fi^m those of which we have latoly been speak- 
ing. Instead of being gradoaJly and recently brought 
into a clear light, as hss been the case with the Ideas 
of Polarity and Affinity, the Idea of Suhatance has 
been entertained in a distinct form from the first periods 
of European speculation. That this is so, ia proved 
by our finding a principle depending upon this Idea 
current as an axiom among the early philoaophera of 
Greece r— namely, that nothing can be produced oul of 
nothing. Such an axiom, more fully stated, amounts 
to this ; that the substance of which a body consists ia 
incapable of being diminished (and consequently inca- 
pable of being augmented) in quantity, whatever appa- 
rent changes it may undergo. Its forma, its distribu- 
tion, its qunlitiea, may vary, but the substance itself is 
identically the same under all these variationa. 

The axiom just spoken of was the great principle 
of the physical philosophy of the Epicurean school, aa 
it must be of every merely material philosophy. The 
reader of Luoretius will recollect the emphasis with 
which it is repeatedly asserted in his poem : 

E nilo dU ^gai, in nLlum nil posae revurti; 
Nought comeB of nought, nor ought retuma to nought. 

Those who engaged in these early attempts at phy- 
sical speculation were naturally much pleased with the 
clearness which was given to their notions of change, 
composition, and decomposition, by keeping steadily 
hold of the Idea of Substance, aa marked by thu 
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manifestly not derived directly from aensafcion, nor by 
any very obvioua or distinct process front reflection, 
Lcfcke waa disposed to exclude the idea as much as 
possible. Accordingly, in his argumentation against 
Innate Ideas', he says plainly, ' the idea of substance, 
■which we neither have nor can have by sensation or 
reflection.' And the inference wliich he draws is, 
'that we have no such clear idea at all.' What then, 
it may be asked, do we mean by the word mihgtanee T 
This also he answers, though somewhat strangely, 'We 
signify nothing by the word svistance, but only an i 
certain supposition of we know not what, i. e. of soi 
thing whereof we have no particular distinct positive 
idea, which we take to be the substratum, or aapport, 
of those ideas we know,' That while he indulged in 
this tautological assertion of our ignorance and uncer- 
tainty, he should still have been compelled to acknow-* 
ledge that the word substance had some meaning, and. 
should hare been driven to explain it by the identic^ 
metaphors of ' substratum' and ' support,' is a curious 
proof how impoaaible it is entirely to reject this idea. 

But as we have already seen, the supposition of the 
existence of substance is so fer from being uncertain, 
that it carries with it irresistible conviction, and anb- 
stance is necessarily conceived as something whicli 
cannot be produced or destroyed. It may be easily 
supposed, therefore, that when the controversy between 
Locke and his assailants came to this point, he would 
be in some difficulty. And, indeed, though with Ma 
accustomed skill in controversy, he managed to retain, 
a triumphant tone, he was driven from his main points. 
Thus he repels the charge that he took the being of 
substance to be doubtful". He says, 'Having eveiy- 
where affirmed and built upon it that man is a sub- 
atance, I cannot be supposed to question or doubt of 
the being of substance, till I can question or doubt of 
my own being.' He attempts to make a stand by say- 
ing that heing of things does not depend upon our 
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aau; but if he had been asked how, without having 
an ideo. of subatacce, he hima substance to be, it is 
difficult to conceive what answer he could have made. 
Again, he had said that our idea of substance arises 
from our 'accustoming ourselves to suppose' a sub- 
stratum of qualities, tjpon this his adversary. Bishop 
Stillingfleet, very property aaka, Is thia custom, ground- 
ed upon true reason or no ? To which Locke replies, 
that it is grounded upon this : That we cannot con- 
ceive how simple ideas of sensible qualities Bhouid sub- 
sist alone; and therefore we suppose them to exist in, 
and to be supported by some common subject, which 
support we denote by tbe name sul>stance. Thus he 
allows, not only that we necessarily assume the reality 
of substance, but that we cannot conceive qualities 
without substance ; which are concessions so ample as 
almost to include all that any advocate for the Idea of 
Substance need desire. 

Perhaps Locke, and the adherents of Locke, in 
denying that we have an idea of substance in general, 
were latently influenced by finding that they could 
not, by any effort of mind, call up any image which 
could be considered as an image of substance in gene- 
raL That in this sense we have no idea of substance, 
is plain enough; but in the same sense we have no 
idea of space in general, or of time, or number, or 
cause, or resemblance. Yet we certainly have such a 
power of representing to our minds s|jace, time, num- 
ber, cause, resemblance, as to arrive at numerous 
truths by means of such representations. These gene- 
ral representations I have all along called Ideas, nor 
can I discover any more appropriate word ; and in this 
sense, we have also, as has now been shown, an Idea 



4, la ail Material Subalance heavy ? — The princi- 
ple that the quantity of the substance of any body 
remains unchanged by our operations upon it, is, as 
we have said, of universal validity. But then the 
question occurs, how are wo to ascertain the quantity 
of substance, and thus, to apply the principle in parti- 
cular cases. In the case above mentioned, where 
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smoke was to be weighed, it waa manifestly assnmed I 
tliat the qTiantity of the substance might be known by I 
its weight; and that the total quantity being i 
changed, the total weight also would remain the same. 
Now on what grounda do we make this assumptioi 
Is bR material substance heavy 1 tuid if we can aese 
this to be so, on what grounds does the truth of t] 
assertion rest J These are not idle questions of barren 
curiosity ; for in the history of that science (Chemiatry) 
to which the Idea of Substance is principally applicable, 
nothing less than the fate of a comprehensive and long 
established theory (the Phlogiston theory) depended 
upon the decision of this question. When it was urged 
that the reduction of a metal from a calcined to a 
metallic form coTild not consist in the addition of phlo- 
giston, because the metal was lighter than the calx had 
been ; it was replied by some, that this was not con- 
clusive, for that phlogiston was a principle of levity, 
diminishing the weight of the body to which it was 
added. This reply was, however, rejected by all the 
sounder philosophers, and the force of the argument 
finally acknowledged. But why was this suggestioa of 
a substance having no weight, or having absolute 
levity, repudiated by the most reflective reasonera? 
It is assumed, it appears, that all matter must be 
heavy; what is the ground of this assumption 1 

The ground of such an assumption appeai-s to be 
the following. Our idea of substance includes in it 
this : — that substance is a quantity capable of addition j 
and thus capable of making up, by composition, a sum 
equal to all its parts. But substance, and the quan- 
tity of substance, can be known to us only by its attri- ■ 
butes and qualities. And the qualities which are , 
capable constantly and indefinitely of increase and 
diminutioa by increase and diminution of the parts, 
must be conceived inseparable from the substance. 
For the qualities, if removable from the substance at , 
aU, must be removable by some operation performed 
upon the substance ; and by the idea of substance, all 
8uch opei'ations are only equivalent to separation, junc- 
tion, and union of ]}art3. Hence those characters 
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which thus universally increase and diminish by addi- 
tion and subtraction of the things themselves, belong 
to the substance of the things. They are measures 
of its quantity, and are not merely its separable qua- 

The weight of bot^es is such a character. However 
we compound or divide bodies, we compound and 
divide their weight in the same manner. We may dia- 
member a body into the minutest parts; but the aum 
of the weights of the pai-ta is always equal to the 
whole weight of the body. The weight of a body can 
be in no way increased or diminished, except by add- 
ing something to it or taking something from it. If 
w« bake a brick, we do not conceive that the change 
of colour or of hardness, implies that anything has 
been created or destroyed. It may easily be that the 
parts have only assumed a new arrangement j but if 
the brick have lost weight, we suppose that something 
(moisture for instance) has been removed elsewhere. 

Thus weight is apprehended as essential to matter. 
In considering the dismembennent or analysis of 
bodies, we assume that there must be some criterioa 
of the quantity of substance; and this criterion can 
possess no other properties than their weight possesses. 
If we assume an element which has no weight, or the 
weight of which is negative, as some of the defenders 
of phlogiston attempted to do, we put an end to all 
speculation on such subjects. For if weight is not 
the criterion of the quantity of one element, phlogiston 
for instance, why is weight the criterion of the quantity 
of any other element '( We may, by the same right, 
assume any other real or imaginary element to have 
levity instead of gravity ; or to have a peculiar inten- 
sity of gravity which makes its weight no index of its 
quantity. In. short, if we do this, we deprive of all 
possibility of application our notions of element, analy- 
sis, and composition; and violate the postulates on 
■which the questions are propounded which we thiis 
attempt to decide^ 

We must, then, take a constant and quantitative 
property of matter, such as weight is, to be an index 
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of the quantiiy of matter or of substaiKse to wHch it 
belongs. I do not here speak of the question which 
has sometimes been proposed, whether the weight or 
the inertia of bodies be the more proper measure of 
the quantity of matter. For the measure of inertia is 
regulated by the same assumption as that of sub- 
stance : — that the quantity of lie whole must be equal 
to the quantity of all the parts : and inertia is mea* 
sured ^j wejht, for the 8^rea«>n tiiat substance 
is so. 

Having thus established the certainty, and ascer- 
tained the interpretation of the fundamental principle 
which the Idea of Substance involves, we are prepared 
to consider its application in the science upon which it 
has a pecuHar bearing. 



NOTE TO OHAPTKR IIL 



I 



[3rd Ed.] — [The doctrine here propounded, that All 
Matter IB Heavy, has been opposed by Sir William 
Hamilton of EdinburgL ( Works o/Eeid, note, p. 853.) 
This writer is a man of imqueationable acutenesa and 
of Tery extenaive reading; but his acutenesa shows 
itaelf in barren ontolt^cal distinctiona, which appear 
to me to be of the same character as the speculations 
of the eminent Schoolmen of the most sterile periods of 
the dork ages. That he should have no conception of 
progressive or inductive science ia not wonderfill, when 
we recollect that he holds, as an important part of his 
philosophy, that the study of mathcmaticB perverts and 
obscures the mind. But it may be of some interest to 
consider his objections to the doctrine here maintained. 

He says, ist, that our reasoning assumes that we 
must necessarily have it in our power to ascei-tain the 
Quantity of Matter ; whereas this may be a problem 
out of the reach of human determination. 

To this I reply, that my reasoning does assume that 
there is a science, or sciences, which mate assertions 
concerning the Quantity of Matter ; Mechanics and 
Chemistry are such sciences. My assertion is, that to 
make such sciences possible, Quantity of Matter must 
be proportional to Weight. If my opponent deny that 
Mechanics and Chemistry can exist as sciences, he may 
invalidate my proof; but not otherwise, 

3. He says that there are two conceivable ways of 
estimating the Quantity of Matter : by the Space occu- 
pied, and by the Weight or Inertia ; and that I assume 
the second measure gratuitously. 

To which I reply, that the most elementary steps in 
Mechanics and in Chemiatry contradict the notion that 
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the Qosnti^ ttf Matter is proportioD&te ta the Bpane. 
Th^ proceed iieoeB»rily on a distinction b^ween 
^Moe and Uattra': — between mere Extension and mar 
tenal Snbetimoe. 

3. He allows that we cannot make the Extenaion of 
a body the meaaore of the Qoanti^ of Matta-, because^ 
be mja, we do not know if ' the compressing force' ta 
sddi as to prodnce ' the cloeest oompressiaD.' That is, 
be anomeB a oompresjng force, assomes a closest com- 
fneAm, aaaomes a pecoliar (and verr imfwobable) 
atomic hypo^ens; uid all UiLs to supply a reason why 
we are not to believe the first simple principle of 
Mechanics »itd Chemistry. 

4. He q>«aks of ' a series of ^^larent finids (as light 
or its vehicle, the Calorific, the Electro^BlTanic, and 
Magnetic agaite) which we can ndtber denude of tb^ 
ehaiact^ of sobetance^ nor clothe with the atbibnte of 

To which my reply is, that precisely because I cannot 
'clothe' theae agenta with the attribute of Weight, I 
do ' denude them of the character of Substanee.' They 
are not snbslancee, but agencies. Theee ImponderaUe 
Agents are not properly called ' Imponderable Fluids.' 
This I conceire that I have proved ; and the proof is 
not diaken by doiying the eonclnsion without showing 
any defect in the reasoning. 

5. Finally, my critic speaks about ' a Ic^cal canon,' 
and about 'a criterion of truth, subjectively necessaiy 
and objectiTdy certain:' which matters I shall not 
waste the reader's time by discussiBg.] 



CHAPTER IT. 



I. A Body ig Equal to Ike Sum of its Elements. — 
From the earliest periods of chemlstty the balance has 
been fii.iinilifl.r ly used to determme the proportions of 
the ingredients *ajid of the compound; and soon after 
the middle of the last century, this practice was so 
atudioady followed, that Wenzel and Kichter were 
thereby led to the doctiine of Definite Proportions. 
But yet the fiill value and significance of the balance, 
as an indispensable instrumest in chemical researches, 
was not understood till the gaseous, as well as solid 
and fluid ingredients were taken into the account. 
When this was done, it was found that the principle, 
that the whole is equal to the sum of its parts, of 
which, as we have seen, the necessary truth, in such 
cases, flows iroja the idea of substance, could be applied 
in the most rigorous manner. And conversely, it was 
found that by the use of the balance, the chemist 
oould decide, in doubtful cases, which was a whole, and 
which were parts. 

For chemistry considers all ^e changes which belong 
to her profince as compositions and decompositions of 
elements; but still the question may occur, whether an 
observed change be the one or the other. How can we 
distinguish whether the process which we contemplate 
be compo»tion or decomposition? — whether the new 
body be formed by addition of a new, or subtraction of 
an old element) Again; in the case of decomposition, 
we may inquire, What are the ultimate limits of our 
analysis I If we decompound bodies into others n 
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of proceasesT How ikr can we proceed in the road of 
analj'Bkl And in our actual course, what evidence 
have we that our progress, as far as it has gone, has 
carried ns from, the more complex to the more simpli 

To this we reply, that the criterion which enables 
ua to distinguish, decidedly and tinally, whether 
process have been a mere analysis of the proposed body 
into ite ingredients, or a sj^theais of some of them witii 
some new element, is the principle stated above, that 
the weight of the whole is equal to the weight of 
all the parts. And no process of chemical analysis or 
synthesis can be considered complete till it has been 
verified by this fact; — by finding that the weight of the 
compound is the weight of its supposed ingredients ; or, 
that if there be an element which we think we have 
detached from the whole, its loss is betrayed by a cor- 
responding diminution of weight. 

I have already noticed what 'an important part this 
principle has played in the great chemical controversy 
which ended in the establishment of the oxygen theory. 
The calcination of a metal was decided to be the union 
of oxygen with the metal, and not the separation of 
phlogiston from it, because it was found that in the pro- 
cess of calcination, the weight of the metal incres^ed, 
and increased exactly as much as the weight of ambient 
air diminished. When oxygen and hydrogen were ex- 
ploded together, and a small quantity of water was 
produced, it was held that this was really a synthesis 
of water, because, when very great care was taken 
with the process, the weight of the water which resulted 
was equal to the weight of the gases which disappeared. 

3. Zavoiaier. — It was when gases came to be con- 
sidered as entering largely into the composition of 
liquid and solid bodies, that extreme accuracy in weigh- 
ing was seen to be so necessary to the true imder- 
stauding of chemical processes. It was in this manner 
discovered by Lavoisier and his contemporaries that 
oxygen constitutes a large ingredient of calcined metals, 
of acids, and of water. A countryman of Lavoisier' 

• a. Dama, Ltfoni dc la Fhihto^it Chimique, iBa?- P- 157- 
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lias not only given moat just praiae to that great phi- 
losopher for having constantly tested all hia proceaaes 
by a coretVil and skiliiil use of the balance, but has also 
claimed for him. the merit of having introduced the 
maxim, that in chemical operations nothing is created 
and nothing loat. But I think it is impossible to 
deny that this maiHin is asaumed in all the attempts at 
analysis made by bis contemporaries, as well as by him. 
This majdm is indeed included in any clear notion of 
analysis ; it cowld not be the result of the researches of 
any one chemist, but was the governing principle of 
the reasonings of all. liavoisier, however, employed 
this principle with peculiar assiduity and skiU. In 
applying it, he does not confine himself to mere addi- 
tions and subtractions of the quantities of ingredieutaj 
but often obtains his results by more complex pro- 
cesses. In one of his investigations he says, ' I may 
consider the ingredients which are brought together, . 
and the result which is obtained as an algebraical equa- 
tion; and if I successively suppose each of the quanti- 
ties of this equation to be untnown, I can obtain its 
value from the rest ; and thus I can rectify the experi- 
ment by the calculation, and the calculation by the ex- 
periment. I have often taken advantage of this 
method, in order to correct the first results of my ex- 
periments, and to direct me in repeating them with 
proper precautions.' 

The maxim, that the whole is equal to the sum of 
all its parts, is thus capable of most important and 
varied employment in chemistry. But it may be ap- 
plied in another form to the exclusion of a class of 
speculations which are often put forwards. 

3. Maxim respecting Imponderable Elenvents. — 
Severrf of the phenomena which belong to bodies, as 
heat, light, electricity, magnetism, have been explained 
hypothetically by assuming the existence of certain 
fluids ; but these fluids have never been shown to have 
weight. Hence such hypothetical fluids have been 
termed imponderable dements. It is however plain, 
that so long as these fluids appear to be without 
weight, they are not dements of bodies in the same 
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Benae aa those elements of which we have hitherto 
been speaking. Indeed we may with good reason 
doubt whether those phenomena depend ujion trana- 
ferahle fluids at all. We have seen strong reaao 
believe that light is not matter, but only motion; and 
tho same thing appears to be probable with regard to 
heat Nor is it at all inconceivable that a siinilar 
hypothesis respecting electricity and magnetism should 
hereafter be found tenable. Now if heat, light, and 
those other agents, be not matter, they are not eie- 
menta in such a sense as to be included in the prin- 
ciple referred to above, That the body is equal to the 
sum of its elements. Consequently the Tiairim just 
stated, that in chemical operationB nothing is ci'eated, 
nothing annihilated, does not apply to light and Heat. 
They are not things. And whether heat can be pro- 
duced where there was no heat before, and light struck 
out &om darkness, the ideas of which we are at pre- 
sent treating do not enable us to say. In reasoning 
respecting chemical synthesis and analysis therefore, 
we shall only make confusion by attempting to include 
in our conception the Light and Heat which are pro- 
duced and destroyed. Such phenomena may be very 
proper subjects of study, as indeed they undoubtedly 
are; but they cannot be studied to advantage by con- 
sidering them as sharing tho nature of composition 
aud decomposition. 

Again: in all attempts to explain the processes of 
nature, the proper course is, first to measure the facta 
with precision, and then to endeavour to understand 
their cause. Now the fecta of chemical composition 
and decomposition, the weights of the ingredients and 
of the compounds, are facts measurable with the ut- 
most precision and certainty. But it is far otherwise 
with the light and heat which accompany chemical 
processes. When combustion, deflagration, explosion, 
takes place, how can we measure the light or the heat J 
Even in cases of more tnuiquil action, though we can 
apply the thermometer, what does the thermometer 
teU us respecting the quantity of the heati Since 
then we have no measure which is of any value aa 
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regM^ such. ciroumBtances in chemical changes, if we 
attempt to account for these phenomena on chemical 
principles, we introduce, int« investigations in them- 
selves perfectly precise and mathematically rigorous, 
another class of reasonings, vague and insecure, of 
which the only possible effect is to vitiate the whole 
reasoning, and to make our conclusions inevitably 
erroneouB. 

We are led then to this maxim : that imponderahh 
fliada are not to he admitted aa e/temieal dementg of 
bodies'. 

4. It appears, I think, that our hest and most phUo- 
aophicol chemists have proceeded upon this principle 
in. their inveBtigations. In reasoning concerning the 
constitution of bodies and the interpretation of che- 
mical changes, the attempts to include in these inter- 
pretations the heat or cold produced, by the addition 
or subtraction of a certain hypothetical ' caloric,' have 
become more and more rare among men of science. 
Such statements, and the explanations often put for- 
wards of the light and heat which appear under various 
circumstances in the form of fire, must be considered 
as unessential parts of any sound theory. Accordingly 
we find Mr. Faraday gradually reliiiquiahing such 
views. In January, 1834, he speaks generally of an 
hypothesis of this kind' : ' I cannot refrain irom 
reMJIing here the beautiful idea put forth, I believe 
by Berzeliua, in his development of hia views of the 
elecb'o-chemical theory of affinity, that the heat and 
light evolved during cases of powerful combination 
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are tte consequence of the electric discliftrge which, is 
at that moment taking place.' But in April of the 
same year', he observeB, that in the combination of 
oxygen and hydrogen to produce water, electric powers , 
to a most enormous amount are for the time active, 
but that the flame which is produced gives but feeble i 
traces of such powers. ' Such phenomena,' therefore, 
he adda, ' may not, cannot, be taken as evidenaea of the | 
nature of the action ; hut are merely incidental resulte, , 
incomparably small in relation to the forces concerned, ' 
and supplying no information of the way in which 
the particles are active on each other, or in which 
their forces are finally arranged.' 

In pursuance of this maxim, we must consider as 
an unessential part of the oxygen theory that portion 
of it, much insisted upon by its author at the time, 
in which when siilphur, for instance, combined with 
oxygen to prodnce sulphuric acid, the combustion was 
accounted for by means of the ealixfic which was 
supposed to be liberated from its combination with 
oxygen. 

g. Controversy of the Composition, of Water. — There 
is another controversy of our times to which we may 
with great propriety apply the maxim now before us. 
After the glory of having first given a true view of 
the composition of water had long rested tranquilly 
upon the names of Cavendish and Lavoisier, a claim 
was made in fovour of James Watt as the real author 
of this discovery by his son, (Mr J, Watt,) and his 
eulogist, (M. Arago°). It is not to our purpose here 
to discuss the various questions which have arisen on 
this subject respecting priority of publication, and 
respecting the translation of opinions published at one 
time into the language of another period. But if we 
look at Watt's own statement of his views, given soon 
after those of Cavendiali had been published, we shall 
perceive that it is marked by a violation of this majcim : 
we shall find that he does admit imponderable fluids 
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as chemical eleraoste; and thus ahowB a v^ieness and 
confusiou in his idee, of chemical cani]}oaltioii. With 
Buch imperfection in hia views, it is not surprising 
that Watt, not only did not anticipate, but did not 
apprehend quite precisely the discovery of Cavendish 
and lavoisier. Watt's statement of his views is as 
follows' ;— ' Ai-e we not authorized to conclude that 
water is composed of dephlogisticated air and phlogis- 
ton deprived of part of their latent or elementoiy 
heat; that dephlogisticated or pure air is composed of 
■water deprived of ite phlogiston and united to ele- 
mentary heat and light j and that the latter are con- 
tained in it in a latent state, so as not to be sensible 
to the thermometer or to the eye ; and if light be only 
a modification of heat, or a circumstance attending it, 
or a component part of the inflammable air, then pure 
or dephlogiaticated air ia composed of water deprived 
of its phlogiston and united to elementary heat!' 

When we compare this doubtful and hypothetical 
Btat^nent, involving bo much that ia extraneous and 
heterogeneous, with the conclusion of Cavendish, in 
which there is nothing hypothetical or superfluous, we 
may confidently assent to the decision which has been 
pronounced by one' of our own time in favour of 
Cavendish. And we may with pleasure recognize, in 
this enlightened umpire, a due appreciation of the 
value of the maxim on which we are now insisting. 
' Cavendish,' says Mr, Vernon Harcourt, ' ]>ared ofi' 
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fiToni the hypotheses their theories of combuation, and 
affinities of i/inponderable Jhr ponderable matter, 
complicating chemical frith physical considerations.' 

6. Relation qf Heal to Chemistry. — But while we 
thus condemn the attempts to explain the thermotical 
phenomena of chemical processee by means of chemical 
oonaiderations, it may be asked if we are altogethi 
to renounce the hope of understanding such pheno- 
mena! It is plain, it may be said, that heat generated 
in chemical changes is always a very important oiiv 
cumstance, and can sometimes be measured, and per- 
haps reduced to laws ; aire we prohibited from specu- 
lating concerning the causes of such circumstances 
and such lawa? And to this we reply, that we may 
properly attempt to connect chemical with thermotical 
processes, »o fwr as we have obtained a clear and 
probable view of the nature of the thermotical pro- 
cesses. When our theory of Thermotics is tolerably 
complete and certain, we may with propriety under- 
take to connect it with our theory of Chemiatiy. But 
at present we are not far enough advanced in our 
knowledge of heat to make this attempt with any 
hope of success. We can hardly expect to understand 
the part which heat plays in the union of two bodies, 
when we cannot as yet comprehend in what manner it 
produces the liquefiiction or vaporization of one body. 
We cannot look to account for Gay Lussac and Dalton's 
Law, that all gases expand equally by heat, till we 
leam how heat causes a gas to expand. We cannot 
hope to see the grounds of IJulong and Petit's Law, 
that the specific heat of all atoms is the same, till we 
know much more, not only about atoms, but about 
specific heat. We have as yet no thermotical theory 
which even professes to account for all the prominent 
fiicta of the subject' : and the theories which have 
been proposed are of the most diverse kind. Laplace 
assumes particles of bodies surrounded by atmospheres 
of caloric"; Cauchy makes heat consist in longitudinal 
vibrations of the ether of which transverse vibrations 
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produce Hght: in Ampere's theory^^ heat consists in 
the vibrations of the particles of bodies. And so long 
as we have nothing more certain in our conceptions of 
heat than the alternative of these and other precarious 
hypotheses, how can we expect to arrive at any real 
kuowledge, by connecting the results of such hypothe- 
ses with the speculations of Chemistry, of which science 
the theory is at least equally obscure 1 

The largest attempts at chemical theory have been 
made in the form of the Atomic Theory, to which I 
have lust had occasion to allude. I must, therefore, 
before quitting the subject, say a few words respecting 
this theory. 



'o Hist. Ind. Sci. b. x. c. 4. 



TER V. 

The Atomic Theory. 



I. The Atomic TJieory considered on C/temical ' 
Grounds. — We have alretidy seen that the combina- 
tions which, result from chemical affinity are definite^ a 
certain quantity of one ingredient nniting, not with 
an uncertain, but with a certain quantity of another 
ingredient. But it vas found, in addition to this prin- 
ciple, that one ingredient would often unite witli. I 
another in different propoi-tione, and that, in Buch I 
cases, these proportions are multiples one of another. ' 
In the three salts formed by pota^ with oxalic acid, 
the quantities of acid which combine with the same 
quantity of alkali are osactly in the proportion of the 
numbers i, 2, 4. And the same rule of the exist- 
ence of multiple proportions is found to obtain in other 

It is obidous that such results will be accoimted for, 
;e that the base and the acid consist each oiF 
s definite equal particles, and that the forma- 
tion of the salts above mentioned consists in the combi- 
nation of one particle of the base with one particle of 
acid, with two particles of acid, and with lour partidea 
of acid, respectively. But further; as we have'already 
stated, chemical affinity is not only definite, but recipro- 
cal The proportions of potasaa and soda which form 
neutral salts being 590 and 391 in one case, they are so 
in all cases. These numbers represent ike proportwns of 
weight in which the two bases, potassa and soda, enter 
into analogous combinations; 590 of potassa is equiva- 
lent to 391 of soda. These facts with regard to com- 
bination are still expressed by the above supposition 
of equal particles, assuming that the weights ( * 
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particle of potussa and of soda are in the proportion 
of 590 to 391. 

But wo pursue our analysis further. We find that 
potasaa is a compound of a metallic base, potassium, 
and of oxygen, in the pixjportion of 490 to 100; we 
suppose, then, that the particle of potassa consists of 
a particle of potassium and a particle of oxygen ; and 
these latter particlea, since we see no present need to 
suppose them divided, potassium and oxygen being 
simple bodies, we may call atoms, and assume to be 
indivisibla And by eupposing all simple bodies to 
consist of such atoms, and compounds to be formed by 
the union of two, or three, or more of such atoms, we 
explain the oecuiTence of definite and multiple propor- 
tions, and we constmct the Atomic Theory. 

2. Hypothesis of Atoms. — So far as the assumptioa 
of auch atoms as we have spoken of serves to express 
those laws of chemical composition which we have 
referred to, it is a clear and useful generalization. But 
if the Atomic Thooiy be put forwards (and its author, 
Dr. Dalton, appears to have put it forwards with such. 
an intention,) as asserting that chemical elements are 
really composed of aUmis, that is, of such particles not 
fiirther divisible, we cannot avoid remaxlong, that for 
such a, conclusion, chemical research has not afforded, 
nor can afford, any satisfactory evidence whatever. 
The smallest observable quantities of ingredients, as 
well as the lai^est, combine according to the laws of 
proportions and equivalence which have been cited 
above. How are we to deduce from auch facts any 
inference with regard to the existence of certain ama]!- 
est possible particlesi The Theory, when dogmati- 
cally taught as a physical truth, asserts that aJl ob- 
servable quantities of elements are composed of pro- 
portional numbers of particles which can no further 
be subdivided; but all which obserration teaches us is, 
that if there be auch particles, they are smaller than 
the smallest observable quantities. In chemical ex- 
periment, at least, there ia not the sHghtest positive 
evidence for the existence of such atoms. The assump- 
tion of indivUible particles, smaller than the smallest 
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observable, which combine, particle with particle, will. 
explain the phenomena ; but the asaumption of parti- 
clea bearing this proportion, but not poBsessing the 
property of indiviaibiUty, will explain the phenomena 
at least equally well. The deciHion of the question, 
therefore, whether the Atomic Hypothesis be the pro- 
per way of conceiving the chemical combinations of 
Mubstancea, must dejieniJ, not upon chemical fHcts, ' 
upon our conception of Substance. In this aense 
question is an ancient and curious controversy, 
we shall hereailer have to make some remarks upon ii, 

3. C/iemietd Difficulties of t/ie nypoHteaig. — But 
before doing this, we may observe that there ia nO' 
Rmall difficulty in reconciling this hypothesis with the 
iacta of chemistry. According to the theory, all salta, 
compounded of an acid and a base, are anaI<^;oua in 
their atomic constitution; and the number of atoms ia. 
one such compound being known or assumed, the' 
number of atoms in other salte may be determined. 
But when we proceed in this course of reasoning to 
other bodies, as metals, we find ourselves involved in 
rlifficultiea. The protoxide of iron is a base which, 
according to all analogy, must consist of one atom of 
iron and one of oxygen ; but the peroxide of iron is- 
also a base, and it appears by the analysis of this sub- 
stance that it must consist of tv>o-f!iirde of an atom of 
Iron and one atom of oxygen. Here, then, our indi- 
■risible atoms must be divisible, even upon cbemioal. 
grounds. And if we attempt to evade this difficully 
by making the peroxide of iron consist of two atoms a£ 
iron and three of oxygen, we have to make a corre- 
sponding alteration in the theoretical constitution of 
all bodies analogous to the protoxide; and thus we 
overturn the very foundation of the theory. Chemical. 
facte, therefore, not only do not prove the Atomic 
Theory as a physical truth, but they are not, according, 
to any modification yet devised of the theory, recon- 
cileable with its scheme. 

Nearly the same conclusions result from the at- 
tempts to employ the Atomic Hypothesis in expresa- 
ing another important chemical law; — the law of the 
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combinations of gases according to definite' pi-oportions 
of their volumes, experimentally estaWished by Gay 
Luaaac'. In order to account for this law, it haa been 
very plausibly suggested that all gases, under the same 
prosBure, contain an equal number of atoms in the 
same space; and that when they combine, they unite 
atom to atom. Thus one volume of chlorine unites 
with one volume of hydrogen, and forma hydrochloric 
acid". But then thin hydrochloric acid occupies the 
space of the two volumes; and therefore the proper 
number of particles cannot be supplied, and the uni- 
tbrm diatribution of atoms in all gases maintaiaed, 
without dividing into two each of the compound parti- 
cles, constituted of an atom of chlorine and an atom of 
hydrogen. And tiuB in this case, also, the Atomic 
TTieory becomes untenable if it be understood to imply 
the indivisibility of the atoms. 

In all these attempts to obtain a distinct physical 
conception of chemical union by the aid of the Atomic 
Hypothesia, the atoms are conceived to be associated by 
certain forces of the nature of mechanical attractions. 
But we have already seen' that no such mode of con- 
ception can at all explain or esprcss the fiicts of che- 
mical combination; and therefore it is not wonderful 
that when the Atomic Theory attempts to give an 
account of chemical relations by contemplating them 
under such an aspect, the facts on which it grounds 
itself should be found not to authorize its positive doc- 
trines; and that when these doctrines are tried upon 
the general range of chemical observation, the^ should 
prove incapable of even expressing, without seLf-con- 
tradiotion, the laws of phenomena. 

4. Grotmds of the Atomic Doctrine. — ^Yet the doc- 
trine of atoms, or of substance as composed of indivisi- 
ble particles, has in all ages had great hold upon the 
minds of physical speculators ; nor would this doc- 
trine ever have suggested itself so readily, op have 
been maintained so tenaciously, as the true mode of 
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conceiviDg ohotoical coinbioationfl, if it had not been 
already lacniliar tt> the miiulH of those who endeavour 
to obtain a general view of the constitution of natur& 
The groimdB of the iLSiiumption of the atomic stmictore 
of »ubitajice are to be Ibund rather in the id^ of 
Buhatance itaelf, than in the experimental lawe of che- 
tnicB.1 affinity. And the question of the existence of 
tttoniH, thus depending upon an idea which han been 
the subject of contemplation from the very infancy of 
philosophy, has been discussed in all ages with interest 
and ingenuity. On thia very account it is unlikely that 
tho question, so &r as it heara upon ohemiatiy, should 
admit of any clear and final solution. Still it will be 
instructive to look back at some of the opinions whidi 
have been delivei'ed respecting this doctrina 

5. Ancient Prevalence o/lhe Atomic Doctrine. — Thft 
doctrine that matter consists of nunute, simple, indi- 
visible, indestructible particles as its ultimate elements, 
lius been current in all ages and countries, whenever 
tho tendency of man to wide and subtle speculatioaB 
has been active. I need not attempt to trace the his- 
toiy of this opinion in the schools of Greece and Italy. 
It was tlie leading feature in the physical tenets of 
tlie Epicureans, and was adopted by their Koman dis- 
ciples, lis the poem of Lucretius copiously shows ua. 
The some tenet had been held at still earlier periods, 
in forms more or leas definite, by other philosophers. 
It is ascribed to Democritua, and is said to have been by 
him derived from Leucippus. But this doctrine is found 
also, we^ure told* among the speculations of another 
intellectual and acute race, the Hindoos. According 
to sttuiu of their philosophical writers, the ultimate 
elements of matter are atoms, of which it is proved by 
oertuQ reasonings, tluU they ore each one-sixth of one 
of thfi mot«s that float in the sunbeam. 

This early jirevalence of controversies of the widest 
and deepest land, which even in our day i-emoin unde- 
cided, 1ms in it nothing which need suqjrijK us; or, at 
least, it baa in it nothing which is not in coufbrmily 
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with the general course of the history of philosophy. 
As Boon aa any ideas are clearly poasesaed hy the 
human mind, ^ts activity and acuteness in reasoning 
upon them are such, that the fundamental autitheaes 
and ultimate difficulties which belong to them are soon 
brought into -view. The Greek and Indian philoao- 
phera had mastered completely the Idea of Space, and 
possessed the Idea of Substance in tolerable disfcinct- 
nesB. They ■were, therefore, quite ready, with their 
lively and subtle minds, to discuss the question of the 
finite and infinite ditiaibility of matter, so far aa it in- 
volved only the ideas of apace and of substance, and 
this aocoi'dingly they did with great ingenuity and per- 
aeverauce. 

But the ideas of Space and of Substance are far from 
being sufficient to enable men t« form a complete gene- 
ral view of the constitution of matter. We must add 
to these ideas, that of mechanical Foi-ce with ita anta- 
gonist Eeaistance, and that of the Affinity of one kind 
of matter for another. Now the former of these ideas 
the ancients possessed in a very obscure and confiised 
manner; and of the latter they had no apprehension 
whatever. Tliey made vague assumptions respecting 
the impact and pressure of atoms on each other; but 
of their mutual attraction and repulsion they never 
had any conception, except of the most il'm and 
wavering kind ; and of an affinity different from mere 
local union they did not eveii dream. Their specula- 
tions concerning atoms, therefore, can have no value 
for us, except aa a part of the history of science. If 
their doctrines appear to us to approach near to the 
conclusions of our modem philosophy, it mast be be- 
cause our modem philosophy is that philosophy which 
has not fully profited by the additional light which 
the experiments and meditations of later times have 
thrown upon the constitution of matter. 

6. Baaon. — Still, when modem philosophers look 
upon the Atomic Theory of the ancients in a general 
point of view merely, without considering the special 
conditions which such a theory must fulfil, in order to 
represent the discoveries of modem times, they are 
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disposed to regard it tritli admiratioo. Accordin^y 
we find Francis Bacoii strongly expressing such a fod- 
ing. The Atomic Theory is selected and dwelt upon , 
by hiTTi as the chain which connecta the best parts gf 1 
the physical philosophy of the ancient and the modem T 
world. Among his works is a remarkable dissertatioD. 
Oil the Fhiloiopliiy of Detnocritue, Fartaenidet, and 
Teletius : the last mentioned of whom was one of the ' 
revivers of physical science in modem times. In this ' 
work he spMiks of the atomic doctrine of Democritns 
as a &Toaiable example of the exertions of the undis- 
ciplined intellect. ' Hsec ipsa placita, qutmivis paulo 
ejnendatiora, talia. sunt q^ualia esse possunt ilia qtue ab 
intelleetu sibi permisao, nee continenter et gradatim 
sublevato, profecta videntur.' — ' These doctrines, thoa 
[in an ancient fable] presented in a better form, ore 
such glimpses of bnith as can be obtained by tlie in- 
tellect left to its own natural impulses, and not 
ascending by sncctssive and connected steps,' [as the 
Baconian philosophy directs]. ' Accordingly,' he add^ 
' the doctrine of Atoms, ii-oia its going a st^ beysnd 
the period in which it was advanced, was ridiculed by 
the vuJgar, and severely handled in the diaputationa of 
the teameii, notwithstendisg the profound acquaint- 
ance with physical science by winch its author was 
aUowed to be diatinguiahed, and irom which he ac- 
quired the character of a magician.' 

' However,' he continues, ' neither the hostility cf ' 
Aristotle, with all his skill and vigour in disputation, 
(though, like the Ottoman sultans, he laboured to . 
destroy all hia brother philosophers that he might rest 
imdispnted master of the throne of science,) nor the ' 
majestic and lofty anthorily of Plato, could effect tha 
subversion of the doctrine of Democritus. And while J 
the opinions of Plato and Aristotle wore rehearsetj , 
with loud declamation and professorial pomp in the 
schools, this of Democritus was always hdd in high 
honour by those of a deeper wisdom, who followed in 
silence a severer path of contemplation. In the daya , 
of Koman speculation it kept its ground and its iavour ; 
Cicero everywhere speaks of its author with the great- 
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est praise; and Juvenal, whn, like poets in general, 
probably expressed the prevailing judgment of his 
lime, proclaims his merit sa a noble exception to the 
gentaral stupidity of his countrymen, 

. . . . Cujus pnidentia moDstrat 
Mugnoa pOBSs viroa et magna eismpla datnroa 
Vervecum io patria crassogue aub acre naaci. 

* The destruction of this philosophy was not effected 
by Aristotle and Plato, but by Genseric and Attila, 
and their barboriana. For then, when human know- 
ledge had suffered shipwreck, those fragments of the 
AiMtoteJian and Platonic philosophy floated on the 
aur&ce like things of some lighter and emptier sort, 
and so were preserved ; while more solid matters went 
to the bottom, and were almost lost in oblivion.' 

7. Modem Prevalence of l/ie Alomuj Doctrine. — It 
is our business here to consiJer the doctrine of Atoms 
only in ite bearing upon existing physical sciences, 
and I must therefore abstain from tracing the various 
mamfestationa of it in the schemes of hypothetical 
cosmologista ;— its place among the iwrfice* of Descartes, 
its exhibition in the wanads of Leibnitz. I will, how- 
ever, quote a passage from Newton to show the hold 
it had upon his mind. 

At the close of his Oplicks he says, ' All these things 
being considered, it aeema probable to me that God, 
in the beginning, formed matter in solid, massy, hard, 
impenetrable, moveable particles, of suah sizes and 
figures, and with such other properties, and in such 
proportions to space, as most conduced to the end for 
which He formed them ; and that the prinutive parti- 
cles, being solids, are incomparably harder than any 
porous bodies compounded of them, even so very hard 
as never to wear or break in pieces; no ordinary i>ower 
being able to divide what God had made one in the 
first creation. While the particles continue entire, 
they may compose bodies of one and the same nature 
and texture in all ages r but should they wear away or 
break in pieces, the nature of things depending on 
them would be changed. Water and earth composed, 
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of old worn particlea and fragmenta of partdclea ■would 
not be of the aame nature and texture now with water 
and earth composed of entire particles in the b^in- 
ning. And therefore that nature may be lasting, the 
changes of corporeal thiDgs are to be placed only in 
the various separations and new associations and mo- 
tions of these permanent particles; compounded bodies 
being apt to break, not in the micL^t of solid particles, 
but where those particles are laid together and only 
touch in a few points.' 

We shall hereafter see how extensively the atomic 
doctrine bea prevailed among still more recent philoso- 
phers. Not only have the chemists assumed it as the 
fittest fonn for exhibiting the prindpits of multiple 
proportions; but the physical mathematicians, as loi- 
place and Foiason, have made it the basis of their 
theories of heat, electricity, capillary action; and the 
crjstallographers have been supposed to have esta- 
blished both the existence and the arrangement of 
such ultimate molecules. 

In the way in which it has been employed by such 
writers, the hypothesis of ultimate particles ha^ been 
of great use, and is undoubtedly permissible. But 
when we would assert this theory, not as a convenient 
hypothesis for the expression or calculation of the 
laws of nature, but as a philosophical tinith respecting 
the constitution of the universe, we find ourselvea 
checked by difficultiea of reasoning which we cannot 
overcome, as weU as by conflicting phenomena which . 
we cannot reconcile. I will attempt to state briefly 
the opposing atgumente on this question. 

8. ArgameiUs for and againM Atoms. — The leading 
aiguments on the two sides of the question, in their 
moat genera] form, may be stated fls foUows : 

For the Atomic Doctrine. — The appearances which 
nature presents are compounded of many parts, but if 
we go on resolving the larger parts into smaller, and 
so on successively, we must at Ifuit come to something 
simple. For that which is comjKiniid can he so no 
otherwise than by composition of what is simple ; and 
if we suppose all composition to be removed, which 
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liypothetically y/e may do, there can remai 
but a number of Himple substancea, capable of compo- 
sition, b\it themselves not compounded. That is, matter 
being dissolved, resolves itself into atoms. 

Against the Atomic Doctrina — Space is divisible 
■without limit, as may be .proved by Geometry; and 
matter occupies space, therefore matter is divisible 
without limit, and no portion of matter is ividivisihle, 
or an atoTn. 

And to the argument on the other side just stated, 
it ia replied that we cannot even hypothetically diveat 
a body of composition, if by composition vre mean the 
relation of point to point in space. However small be 
a particle, it is compounded of parts having relation ia 
space. 

The Atomists urge again, that if matter be infinitely 
divisible, a finite body consists of an infinite munber of 
parts, which is a contradiction. To this it ia replied, 
that the finite body consists of an infinite number of 
parts in the same sense in which the parts are infi- 
nitely small, which ia no contradiction. 

But the opponents of the Atomists not only rebut, 
but retort this argument di-awn from the notion of 
infinity. Your atoms, they say, are indivisible by any 
finite force; therefore they are infinitely hard; and 
thus your finite particles possess infinite properties. 
To this the Atomists are wont to reply, that they do 
not mean the hardness of their particles to be infinite, 
but only so great as to resist all usual natural forces. 
But here it ia plain that their position becomes unten- 
able; for, in the first place, their assumption of this 
precise degree of hardness in the jiarticles is altogether 
gratuitous; and in the next place, if it were granted, 
such particles are not atoms, since in the next moment 
the forces of nature may be augmented so as to divide 
the particle, though hitherto undivided. 

Such are the arguments for and against the Atomic 
Theory in its original form. But when these atoms 
are conceived, as they have been by Newton, and com- 
monly by his followers, to be solid, hard particles 
exerting attractive and repuMve forces, a new set of 
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arguments come into play. Of these, the prinrapal 
one may be thus stated ; According to the At<miio 
Theoiy thua modified, the properties of bodies depend 
upon the attractiona and repulsions of the partidE 
Therefore, among other properties of bodies, their hard- 
ness depends upon such forces. But if the hardness of 
Hie bodies depends upon the forces, the repuli 
instance, of the particles, upon what does the hardness 
of the particles depend ? what progress do we make in 
explaining tJie properties of bodies, when we assume 
tlie same properties in our explanation 1 and to what 
purpose do we uaaume that the jtarticlea are hard) 

9. Transition to Boseovich's Theory. — To this diffi- 
culty it does not appear easy to offer any reply. Bat 
if the hardness and solidity of the particles be given 
up as an incongruous and untenable appendage to the 
Newtonian view of the Atomic Theory, we are led to 
the theory of Boacovich, according to which matter 
consists not of solid particles, but of mere mathematical 
centers of force. According to this theory, each body 
is composed of a number of geometrical points irom 
which emanate forces, following certain mathematical 
laws in virtue of which the forces become, at certain 
small distances attractive, at certain other distances 
repulsive, and at greater distances attractive again. 
From these forces of the points arise the cohesion of 
the parts of the same body, the r^istance which it 
exerts against the preaaure of another body, and finally 
the attraction of gravitation which it exertis uppn bodies 
at a distance. 

This theory is at least a homogeneous and consistent 
theory, and it is probable that it may be used as au 
instrument for investigating and expressing true laws 
of nature; although, as we have already said, the 
attempt to identify the forces by which the particles 
of bodies are bound together with mechanical attrac- 
tion, appears to be a confusion of two separate ideas'. 
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10. Use ofilte McHeeular IlifpotheeU. — In tliia fnrm, 
representing matter aa & collection of molecules or 
centers of force, the Atomic Theoiy has l>een abund- 
antly employed in modem times as an hypotliesia on 
which calculations reapccting the elementary forces of 
bodies might be condncted. When thus employed it is 
to be considered as expressing the principle tiiat the 
jiropei-tiea of bodies depend upon forces emanating 
from immovable points of their mass. This view of 
the way in which the properties of bodies are to be 
treated by the mechanical philosopher waa introduced 
by Bowton, and was a natural sequel to the success 
which he had obtained by reasoning concerning central 
forces on a lai'ge scala I have already quoted his 
Prefiice to the Principia, in which he says, ' Many 
things induce me to believe that the rest of the pheno- 
mena of natui-e, as well as those of astronomy, may 
depend upon certain forces by which the particles of 
bodies, in virtue of causes not yet known, are urged 
towards each other and cohere in regular figures, or 
are mutually repelled and recede; and philosophers, 
knowing nothing of these forces, have hitherto failed 
in their examination of nature.' Since the time of 
Newton, this line of speculation has been followed 
with great assiduity, and by some mathematicians 
with great success. In particular Laplace has shown 
that the hypothesis may, in many instances, be made 
a much closer representation of nature if we sup- 
pose the forces exerted by the particles to decrease so 
rapidly with the increasing distance fi-om them, that 
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the force is finite only at distances imperceptible to 
oiir senses, and vanishea at all remoter points. He has 
taught the method of expressiog and calculating Buch 
forces, and he and other mathematicians of hiii Hchool i 
have applied this method to many of the moat imports 
ant questiona of physics; aa capillary action, the elas- 
tioity of Bolida, tlie conduction and radiation of heat. 
The explanation of many apparently unconnected and 
curious observed facte by these matjiematical theories 
gives a strong asEurance that its essential principles 
are trua But it must be observed that t^e actual 
constitutioa of bodies as composed of distinct and 
separate particles is by no means proved by these I 
coincidences. The assumption, in the reasoning, of I 
certain centers of force acting at a distance, is to be 
considered as nothing more than a method of reducing 
to calculation that view of the constitution of bodieB 
which supposes that they exert force at every point 
It is a mathematical artifice of the same kind aa the 
hypothetical division of a body into infinitesimal 
parts, in order to find its center of gravity ; and no 
more implies a physical reaUty than that hypothesis 
does, 

I T. Poisson'g Inferetiice. — When, therefore, M. Poia- 
Bon, in his views of Capillary Action, treats this hypo- 
thetical distribution of centers of force as if it were 
a physical fact, and blames I^place for not taking 
account of their different distribution at the surfiice of 
the fiuid and below it ^ he appears to push the claims 
of the molecular" hypothesis too far. The only ground 
for the assumption of separate centers, is that we can 
thus explain the action of the whole mass. The in- 
tervals between the centers nowhere enter into this 
explanation : and therefore we can have no reason for 
assuming these intervals different in one part of the 
fluid and in the other. M. Foiason asserts that the 
density of the fluid diminiahea when we approach very 
near the suriiice; hut he allows that this diminution is 
not detected by esperiment, and that the formulK on 
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hin auppo^tiou, so for aa the results go, are identical 
witli those of Laplace. It is olear, Hwa, that his doc- 
trine coDsiats merely in the assei'tion of the neceaaarj 
truth of a part of the hypotheaia which cannot he put 
. to the test qf esperimeDt. It is true, that so long as 
B have before us the hypothesia of separate centers, 
I the particles very near the 3111*1006 are not in a condi- 
I tion ^mmetrical with that of the others: but it is 
also true that this hjrpothesis is only a step of calcula^ 
tion. There results, at one period of the process of* 
deduction, a stratum of smaller density at the aurfece 
of the fluid ; but at a aucceeding point of the reasoning 
the thickness of this stratum vanishes; it has no phy- 
sical esistence. 

Thus the ■molecular hypothesis, as used in such 
»ses, does not differ from the doctrine of forces acting 
at erery point of the mass ; and tiua principle, which 
Q to both the opposite views, is the true part 
of each. 

!. Wollaston's Argument. — An attempt has been 
B in another case, bat depending on nearly the 
t arguments, to bi-ing the doctrine of ultimate 
atonts to the test of observation. In the case of the 
e know that there is a diminution of density in 
' approaching the upper surfece of the atmosphere, if it 
have a surface: hut it ia held by some that except w^e 
allow the doctrine of ultima,te molecules, it will not 
be bounded by any surface, but will extend to an in- 
finite distance. This is the reasoning of Wollaston', 
isists of any ultimate pafticlea no longer 
divisible, then must the expansion of the medium 
composed of them cease at diat distance where the 
f gravity downwards is equal to the resistance 
arising from the repulsive force of the medium.' But 
if there be no such ultimate particles, every stratum 
■will require a stratum beyond it to prevent by its 
weight a further expansion, and thus the atmosphere 
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mnst extend to an infinite distance. And "Wollaston 
conceived that he could leam fi-om observation ■whether 
the atmosphere was thus diffused through all space; 
for if so, it must, he argued, be accumulated about the 
larger bodies of the aystein, as Jupiter sad the Sun, 
by the h.w of univerBal gravitation ; and the existence 
of an atmosphere about these bodies, might, he re- 
marked, be detected by its effects in producing refrac- 
tion. Hia result is, that 'all the phenomena accord 
Entirely with the supposition that the earth's atmo- 
sphere is of finite extent, limited by the weight of 
ultimate atoms of definite magnitude, no longer divi- 
sible by repulsion of their parts.' 

A very little reflection will show us that such a line 
of reasoning cannot lead to any result. For we know 
nothing of the law which connects the density with 
the compresaing force, in air so extremely rare as we 
must suppose it to he near the boundary of the atmo- 
sphere. Now there are possible laws of dependence 
of the density upon the compressing force such that 
the atmosphere would terminate in virtue of the law 
■without any assumption of atoms. Tiiis may be proved 
by mathematical reasoning. If we suppose the denajty 
of air to be as the square root of the compressing 
force, it will follow that at the very limits of the atmo- 
sphere, the strata of equal thickness may observe in 
their densities such a law of proportion as is expressed 
by the numbers 7, g, 3, 1 '. 

If it he asked hov, on this hypothesis, the density 
of the highest sAatum can be as i, since there is no- 
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F thing to compress it, we answer that the upper part of 
t the highest atratum compresaes the lower, aud that the 
L denflity dinuiuBhes contiDually to the surface, ao that 
I the'need of compression and the compressing weight 
I Tftniah together. 

The fallacy of concluding that be<iause the height 

V of the atmosphere is finite, the weight of the highest 

[ stratum must be finite, ia just the same as the fallacy 

[ of those who conclude that when we project a body 

i vertically upwards, because it occupies only a finite 

I' time in ascending to the highest point, the velocity at 

I'the last instant of the accent must be finite. For it 

I might be said, if the last velocity of ascent be not 

finite, how can the body describe the last particle of 

space in a finite timel and the answer ia, that there ia 

no last finite particle of space, and therefore no last 

finite velocity, 

13. Fermanenee o/Fropertieg 0/ Bodies.— "Wo have 
I already seen that, in esplaining the properties of mat- 
1 ter as we find them in nature, the assumption of solid, 
I hard, indestructible particles ia of no use or valua 
I But we may remark, before quitting the subject, that 
I Newton appears to have had another reason for assnm- 
1 ing such particles, and one woU worthy of notice. He 
r wished to express, by means of this hypothesia, the 
I doctrine that the laws of nature do not ^ter with the 
I course of time. This we have already seen in the 
E quotation from Newton. 'The ultimate particles of 
I matter are indestructible, unalterable, impenetrable; 
1 for if they could break or wear, the structure of mate- 
\ rial bodies now would be different fi-oia that wliich 
8 when the particles were new.' No philosopher 
I will deny the truth which ia thus conveyed by thb 
1 assertion of atoms; but it is obviously equally easy 
I for a person who rejects the atoinic view, to state this 
I truth by saying that the forces which matter exeiia 
I do not vary with time, but however modified by the 
I new modifications of its form, are always unimpaired 
1 quantity, and capable of being restored to their 
r former mode of action. 
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We now proceed to speculations in which the funda- 
mental conceptions inay, perhaps, be expressed, at 
least in some cases, by means of the arrangement of 
atoms; but in which the philosophy of the subject 
appears to require a reference to a new Fundamental 
Idea. 
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Crystallization exhibits to us the effects of the natural 
arrangement of the ultimate particles of yarious compound 
bodies; but we are scarcely yet sufficiently acquainted with 
chemical synthesis and analysis to understand the rationale of 
this process. The rhomboidal form may arise from the pro- 
per position of 4, 6, 8 or 9 globular particles, the cubic form 
from 8 particles, the triangular form from 3, 6 or 10 particles, 
the hexahedral prism from 7 particles, &c. Perhaps, in due time 
we may be enabled to ascertain the number and order of ele- 
mentary particles, constituting any given compound element, and 
from that determine the figure which it will prefer on crystalliza- 
tion, and vice versd. 

John Dalton, ChemiccU Philosophy (1808), p. 3 10. 
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CHAPTER I. 

EXPLICATIOK OF THE IdEA OF SYMMETRY, 



1. "VTITE Lave seen in the History of the Sciences, 
V V that the principle which I have there termed ' 
the Principle of Developed and Metamorphosed Symme- 
try, Las been extensively applied in botany and physio- 
logy, and has given rise to a province of science 
tenned Morphology. In order to understand clearly 
this principle, it is neceaaary to obtain a clear idea of 
the Syiometry of which we thu3 apeak. Bat this Idea 
of Symmetry is applicable in the inorganic, as well as 
in the organic kingdoms of nature; it is presented to 
our eyes in the forms of minerals, as well as of flowera 
and animals; we must, therefore, take it under our 
consideration here, in order that we may complete our 
viow of Mineralogy, which, as I have repeatedly said, 
IB an essential pajt of Ohemical sciencev I shall accord- 
ingly endeavour to unfold the Idea of Symmetry with 
■which we here have to do. 

It will of course be understood that by the term 
Symmetry I here intend, not that more indefinite attri- 
bute of form which belongs to the domain of the fine 
arts, as when we speak of the 'symmetry' of an edifice 
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or of a sculptured figufe, liut a certain definite relation I 
or property, no less rigorous and precise than other I 
relations of number and position, which is thus o 
the sure guides of the scientific faculty, and one of the \ 
bases of our esiact science. 

2. In order to eKplain what Symmetry is iit this I 
sense, let the reader recollect that the bodies of animals J 
consist of two equal and ajjnilar sets of members, the I 
right and the left side; — that some flowers consist oft] 
three or of five equal sets of organs, similarly and r 
gularly disposed, as the iris has three straight petals, i 
and three reflexed onra, alternately disposed, the i 
]ia,ajlve equal and similar sepals of the calyx, and alter- 1 
nate with these, as many petals of the corolla. Thiil 
orderly and exactly similar distribution of two, or thre^ 1 
or five, or any other number of parts, is Synimetiy ; and J 
according to its various modifications, the forms thus ^ 
determined are said to be symmefrieal with VBrious 
numbers of members. The classification of these dif- 
ferent kinds of symmetry has been most attended to in 
Crystallography, in which science it is the highest and 
most general principle by which the classes of forms 
are governed. Without entering far into the techni- 
calities of the subject, we may point out some of the 
features of such classes. 

_ The first of the figures 

(x) in the margin may i 
represent the summit of 
a crystal as it appears to 
an eye looking directly 
down upon it ; the center , 
of the figiu'e represents 
the Bunumt of a pyramid, and the spaces of various 
forma which diverge fi'om this point represent sloping 
sides of the pyramid. Now it will be observed that 
the figure consists of three portions exactly similar to 
one another, and thut each part or member ia repeated 
in each of these portions. The faces, or pairs of faces, 
are repeated in threes, with exactly similar fonns and 
angles. This figure is said to be three-membered, c 
have triangular symmetry. The same kind of sym- 
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tnetty may exist in a flower, as presented iit tfie ucoom- 
panying figure, and does, in fact, occur in a, Ini'ge class 
of flowers, as for example, all the lily tribe. ITie next 
pair of figures (z) have four equal and similar portioua, 
and have their members 
or pairs of membere four 
times repeated. Such 
figures are tennedjt/'ir- 
vwmbertd, and are said 
to have iquare or tetra- 
gonal BjTnmetry. The 
perUaganal synimetry, 
formed by five similar 
members, is represented 
in the next figures (3). 
It occurs abundantly in 
the vegetable world, but 
never among crystals; 
for the pentagonal fi- 
gures which crystals 
sometimes assume, are 
never exactly r^ular. 
But there is still ano- 
ther kind of symmetry 
(4) in which the oppo- 
site ends are exactly 
similar to each other 
and also the opposite 
aides ; this is oblong, or 
tioo-Oftd-two-memiered 
symmetry. And finally, 
we have the case of rn'm- 
pU eymmetry (5} in 
which the two sides of 
the object are exactly 
alike (in opposite posi- 
tions) without any fur- 
ther repetition. 

3. These different kjuds of symmetiy occur in 
various ways in the animal, vegetable, and mineral 
kingdom. Vertebrate animals liave a right aud a 
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e exactly alike, and thus possess simple syauaa- 
The same kind of Bynimetry (simpte Bymmetry) 
occurs very largely in the forms of Ti^etobli 
moat leaves, in papUiomtceoiM, pergonate, and labiate 
flowers. Among minerals, crystala which poaaesa this 
Bymmetry are called oliU^pie-prismatic, and are of very 
frequent ooourrenoft The oblong, or tioo-ai>td-tv>o^msm- 
bered symmetry belongs to rtghi-prigmatie cryatala ; and 
may be aeen in eruaijerous flowers, for thongh these 
are cross-shaped, the cross has two longer and two 
shorter anus, or pairs of arms. The sqwwe or tetra- 
gonal symmetry occurs in crystals abtmdantly; to the 
vegetable world it appears to be leas congenial; for 
though there are flowers with four exactly similar 
and regularly-disposed petals, as the herb Paris (Parii 
gvadryolia), these flowers appear, from various circnm- 
atances, to be deviations from the uaual type of vt^e- 
table forms. The trigonal, or tkree-inembered aymmetry 
is fonnd abundantly both in plants and in crystals, 
while the pentagonal synunetry, on the other hand,, 
though by far the moat common among flowers, 
nowhere occurs in minerals, and does not appear to be 
a possible form of crystals. Thia pentagonal form 
further occurs in the animal kingdom, which the 
oblong, triangular, and square forms do not. Many 
of Cuvier's radiate animals appear in this pentagraial 
form, as echwti and peniacriniles, which latter have 
hence theii' name. 

4. The regular, or as they may he called, the normal 
types of the vegetable world appear to be the forma 
which possess triangular and pentagonal symmetiy; 
from these the others may be conceived to be derived, 
by transformations resulting from the expansion of one 
or more parts. Thus it is manifest that if in a tbree- 
memhered or five-membered flower, one of the petals 
be expanded more than the other, it is immediately 
reduo«l from pentagonal or trigonal, to simple sym- 
metiy. And the oblong or two-and-two-membered 
^mmetry of the flowers of cruciferous plants, (in which 
the stamena are four large and two small ones, arranged 
in regular opposition,) ia held by botanisbi to result 
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from a norma! form with ten stamens; Meinecke ex- 
plaining this by adhesion, and Sprenge! by the meta- 
morphoais of the stamens into petals'. 

It ia easy to see that these vafioua kinds of sym- 
metry include relations both of form and of number, 
but more especially of the latter kind ; and as this 
symmetry is oHen an important character in various 
classes of natural obJectB, such classes have often 
carious numeiical properties. One of the most re- 
markable and extensive of these is the distinction 
which prevails between monocotyledonous and dicoty- 
ledonous plants; the number t/ire« being the ground of 
the Bynunetry of the former, and the number five, of 
the latter, Thus liliaceous and bulbous phinta, and the 
like, have flowers of three or six petals, and the other 
organs follow the same numbers: while the vast ma- 
jority of plants are pentandroua, and with their five 
stamens have also their other parts in fives. This great 
numerical distinctioii corresponding to a leading differ- 
ence of physiological structure cannot but be considered 
as a highly curious fact in phytology. Such properties 
of numbers, thus connected in an incomprehensible 
manner with fundamental and extensive laws of nature, 
give to numbers an appearance of mysterious import- 
ance and efficacy. We learn from history how strongly 
the study of such properties, as they are exhibited by 
the phenomena of the heavens, took possession of the 
mind of Kepler; perhaps it was this which, at an 
earlier period, contributed in no small degree to the 
numeriMl mysticism of the Pythagoreans in antiquity, 
and of the Arabians and others in the middle ^es. In 
crystallography, numbers are the primary characters 
in which the properties of substances are expressed ; — 
they appear, first, in that classification of forma which 
depen»is on the degree of symmetry, that is, upon the 
number of correspondencies ; and next, in the laws of 
derivation, which, for the most part, appear to he com- 
mon in their occurrence in proportion to the numerical 
Himplicity of their expression. But the manifestation 

" Sptengel, Oadi. d. Bol, II. 30+ 
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of a governing nmnerioal relation in the oi^anic world 
atrikea ub as more unexpected; and the selection 
of the number jive as the index of the aymmetry of 
dicotjledonoua plants and radiated animals, (a nunkber ■ 
which ia nowhere Bymnietrically produced in inorganic 
bodies,) makes this a. new and remarkable iUuatiutioa 
of the constancy of numerical relatione. We m*j ob- 
serve, however, that the moment one of these radiate 
animals haa one of its five members expanded, or in 
any way peculiarly modified, (as happens among the 
echini), it is reduced to the common type of amm&ls 
simply symmetrical, with a right and left aide. 

5. It is not necessary to attempt to enimierate all 
the kinds of Symmetiy, since our object ia only to ex- 
plain what Symmetry is, and for this purpose enough 
has probably been said already. It will be seen, as r 
soon as the notion of Symmetry in general ia well ap- . 
prehended, that it is or includes a peculiar Funda- ' 
mental Idea, not capable of being resolved into any of 
the ideas hitherto examined. It may be said, perhapS| 
that the Idea of Symmetty is a modification or deriva- 
tive of our ideas of ^)ace and number ; — that a aymme- 
trical ahape is one which conaiste of parte exactly 
similar, repeated a cortain number of timea, and placed 
BO as to correspond with each other. But on liirther 
reflection it will be seen that this repetition and corre- 
spondence of parts in symmetrical figures are some- 
thing peculiar; for it is not any repetition or any 
correspondence of parts to which we should give the 
name of symmetry, in the manner in which we are 
now using tJie term. Symmetrical arrangements may, 
no doubt, be concerned with apace and position, time 
and number; hut there appears to be implied in theni 

a Fundamental Idea of regularity, of completeneaa, of 
complex simphcity, which ia not a mere modification of 
other ideas. 

6. It ia, however, not necessary, in this and in 
similar cases, to determine whether the idea which we 
have before us be a peculiar and independent Funda- 
mental Idea or a modification of other ideas, provided 
we clearly perceive the evidence of those Axioms by 
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meana of which the Idea is applied in scientific reaaon- 
inga. Now in the application of the Idea of Symmetty 
to ctyataLography, phytology and zoology, we must 
have this idea embodied in some principle which averts 
more than a mere geometrical or nnmerical accordance 
of members. We must have it involved in some vital 
or productive action, in order that it may connect and 
explain the facts of the organic world. Nor is it diffi- 
cult to enunciate such a principla We may state it 
in this manner. All the aymTaetncol membera of a 
natural product are, v/nder like circmnstcmces, alike 
affeeted by t/te natti/ral formative poiDer. The parts 
which we have termed symmefrical, resemble each 
other, not only in their form and position, but also in 
the manner in which they are produced and modified 
by natural causes. And this principle we assume to 
be necessarily true, however unknown and inconceiv- 
able may be the causes which determine the pheno- 
mena. Thus it has not yet been foimd possible to dis- 
cover or represent to ourselves, in any intelligible 
manner, the forces by which the various faces of a 
crystal are consequent upon its primary form : for the 
hjrpothesis of their being built up of integrant mole- 
cules, as Ha&y held, cannot be made satisfactory. But 
though the mechanism of crystab is still obscure, there 
is no doubt as to the principle which r^ulates their 
modifications. The whole of ciystallography rests upoa 
this principle, that if one of the primary planes or axes 
be modified in any manner, all lie symmetrical planes 
and axes must be modified in the same manner. And 
though accidental mechanical or other causes may inter- 
fere with the actual exhibition of such faces, we do not 
the less assume their cryataJlographical I'eality, as in- 
evitably implied in the law of Bymmetry of the crystal'. 
And we apply similar considerations to organized beings. 
We assume that in a regular flower, each of the similar 
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menibera baa the Baine organization and similar powers | 
of developement; and henoe if among these BimilBX parts i 
Home are much leas developed than others, we consider 
them SB ahortime; and if we wish to remove doubts a 
to what are symmetrical members in such a case, wi 
make the inquiry by tracing the anatomy of these 
members, or by following them in their earlier Btataa 
of developement, or in cases where their capabilities are 
magnified by monstrosity or otherwise. The power of 
developement may be modified by external causes, 
thus we may pass from, one kind of symmetry b 
other; as we have already remarked. Thus a regular- 
flower with pentagonal symmetry, growing on a lateral 
branch, has one petal nearest to the axis of the plant : 
if this petal be more or less expanded than the others, 
the pentagonal symmetry is interfered with, and the 
flower may change to a symmetry of another kind. 
But it is easy to see that all such conceptions of expan- 
sion, abortion, and any other kind of jneiamorpkona, go 
upon the supposition of identical faculties and tenden- 
cies in each similar member, in so far as such tenden- 
cies have any relation to the symmetry. And thus the 
principle we have stated above is the basis of that 
which, in the History, we termed the Principle of 
Developed and Metamorphosed Symmetry. 

We shall not at present pursue the other applica- 
tions of this Idea of Symmetry, but we shall consider 
some of the results of its introduction into Crystallo- 
graphy. 



CHAPTER II. 
Applicatiom' of the Idea op STstMccitY n 



1. "l TINERALS and other bodies of definite che- 
1.VX mical compoaition often exhibit that marked 
regularity of form and atructure which we designate 
by terming them CryataU; and in such crystals, when 
we duly study them, we perceive the various kinda of 
symmetry of which we have spoken in the previoua 
chapter. And the different kinds of symmetry which 
we have there described are now usually diBtingHiahed 
from each other, by writers on crystallography. Indeed 
it is mainly to such writers that we are indebted for 
a sound and consistent classiitcation of the kinds and 
degrees of aymmetry of which forms are capable. But 
thia classification was by no means invented as soon aa 
niineralogiBts applied themselves to the study of cry- 
stals. These first attempts to arrange crystalline forms 
were very imperfect ; those, for example, of Linnieus, 
Wemer, Eom6 de lisle, and Haiiy. The essays of 
these writers implied a classification at once defective 
and superfluous. They reduced all crystals to one or 
other of certain Jundammtai forma; and this proce- 
dure might have been a perfectly good method of 
dividing cTystallinQ forms into classes, if the funda- 
mental forms had been selected so as to exemplify the 
different kinds of symmetry. But this was not the 
case. Haiiy's fundamental or ' primitive' forms, were, 
for instance, the following ; the parallelepiperl, the 
octahedron, the tetrakedrtm, the regular hexagimtd 
prism, the rhi>mbio dodecahedron, and the dotibU hexa- 
gonal pyraTmd Of these, the octahedron, the tetra- 
hedron, the rhoTnbie dodecahedron, all belong to the 
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e kind of symmetry (the tessuiab systems)j also 
the hexagonal prtgm, And the heseagonal pyramtd both 
belong to the rhokbic system ; while th« parallelepiped 
is so employed as to include all kinds of eynunetry. 

It is, however, to be recollected that Haiiy, in his 
selection of primitive forms, not only had an ^e to 
the ext«rual form of the crystal and to its degree &nd 
kind of r^ularity, but tdao made his claadficatian 
with an especial reference to the cleavage of the mine- 
ral, which he considered as 3 primary element in 
cryBtalline analysis. There can be no doubt that the 
cleavage of a crystal is one of its most important cha- 
Tvcters : it is a relation of foi-m belon^ng to the 
interior, which is to be attended to no leaa thaa the 
form of the exterior. But still, the cleavage is to be 
r^arded only as determining the degree of geometrical 
symmetry of the body, and not as defining a special 
geometrical figure to which the body must be referred. 
To have looked upon it in the latter light, was a mis- 
take of the eaxher cry8tall<^rapliic speculators, on 
which we shaJl shortly have to remark. 

3. I have said that the reference of crystals to Pri- 
mitive Forma might have been well employed as a 
mode of expresslag a just classification of tiiem. This 
fallows as a consequence fi-om the application of the 
Principle stated in the last chapter, that all gym/melri- 
eal members are alike affixted. Tbns we may take an 
upright trisjigular prism, as the representative of the 
rhombic system, and if we then suppose one of the 
upper edges to be cut o^ or truncated, we must, by 
the Principle of Symmetry, suppose the other two 
upper edges to be truncated in precisely the same 
manner. By this truncation we may obtain the upper 
part of a rhombohedron ; and by truncations of the 
same kind, symmetrically afiectiug all the an^c^ua 
parte of the figure, we may obtain any other form 
possessing three-membered symmetry. And the same 
is true of any of the other kinds of symmetry, pro- 
vided we make a proper selection of a fundamental 
form. And this was really the method employed 
. by Demeste, Werner, and Rom6 de Lisle. They 
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iumed a Primitive Form, and then conceived other 
forms, such as they found in nature, to be derired 
from the Primitive Form by truncation of the edges, 
acumination of the comers, and the like procesaes. 
This mode of conception waa a perfectly just and legi- 
timate expression of the general Idea of Symmetry. 

3, The true view of the degrees of symmetry ■was, 
as I have already said, impeded by the attempts which 
Haiiy and others made to arrive at primitive forms by 
the light which cleavage was supposed to throw upon 
the structure of minerals. At last, however, in Ger- 
many, as I have narrated in the History of Mineralogy ', 
Weiss and Moha introduced a classification of forma 
mplying a more philoaophioal principle, dividing the 
forms into Systems; which, employing the terms of 
the latter writer, we shall call the lesmtlar, the pyra- 
■midal or aq)tare pyrcmtidal, the prismatic or oblong, 
and the rhmnbohedral systems. 

Of th«ie forms, the three latter may be at once re- 
ferred to those kinds of symmetry of which we have 
spoken in the last chapter. The rkombohedral system 
has trimigidar symmetry, or is three-membered : the 
pyromidal has square symmetry, or is four-membered ; 
the priitruUio has oblong symmetry, and is two-and-two- 
membei'ed. But the kinds of symmetry which wero 
spoken of in the former chapter, do not exhaust the 
idea when applied to minerals. For the symmetry 
which was there explained was such only as can be 
exhibited on a surfitce, whereas the forms of crystals 
are solid. Not only have the right a»d left parts of 
the upper surface of a crystal relations to each other; 
but ihe upper aurlace and the lateral faces of the 
crystid have also their relations ; they may be different, 
or they may be alike. If we take a cube, and hold it 
BO that four of its faces are veilical, not only are all 
these four sides exactly sioular, so as to give 'square 
^Tnmetry; but also we may turn the cube, so that any 
one of these four sides shaU become the top, and still 
tiie four sides which are thus made vertical, though 
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not the same which were vertical before, are still per- 
fectly symmetricaL Thus this cubical figure posBesaea 
more than square ^mmetry. It possesses square 
symmetry in a vertical as well as in a horizontal aenae. 
It pOHse^es a symmetry which has the same relation 
to a cube which foar-m.einbered HjTametiy has to a 
aqvare. And this kind of symmetry ia termed the 
mbical or teemlar symmetiy. All the other Muds of 
symmetry have reference to an axis, about which the 
corresponding parta are disposed ; but in tcssular sym- 
metay the horizontal and vertical axes are also symme- 
trical, or interchangeable ; and thus the figure may be 
said to have no axis at alL 

4. It has already been repeatedly stated that, by 
the very idea of symmetry, aU the incidents of form 
must affect alike all the corresponding parts. Now in 
crystals we have, among these incidents, not only 
external figure, but cleavage, which may be considered 
as internal figure. Cleavage, then, must conform to 
the degree of symmetry of the figure. Accordingly 
cleavage, no less than form, is to be attended to in 
determining to what system a mineral belonga If a 
crystal were to occur as a square prism, or pyramid, it 
would not on that accoimt necessarily belong to the 
square pyramidal system. If it were found that it 
was cleavable parallel to one side of the prism, but not 
in the transverse direction, it has only oblong symme- 
try; and the equality of the aides which makes it 
square is only accidentaL 

Thus no cleavage is admissible in any system of 
ciyatallization which does not agree with the degree of 
symmetry of the system. On the other hand, cmt/ 
cleavage which is consistent with the symmetry of the 
^■stem, is (hypothetically at least) allowable. Thus iu 
die oblong prismatic system we may have a cleavage 
parallel to one aide only of the prism; or parallel to 
both, but of different distinctneaa ; or parallel to the 
two diagonals of the prism but of the same distinct- 
ness; or we may have both these cleavages together. 
In the rhombohedral system, the cleavage may be 
parallel to the sides of tie rhombohedron, as in Calc 
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Spar : or, in the same sy stem, the cleavage, instead of 
being thus oblique to the axis, may be along the axis 
in those directions which u^e equal angles with each 
other : this cleavage eaaLly gives either a triangular or 
a hex^onal priam. Again, in the tesaular aystem, 
the cleavage may be parallel to the surfece of the 
cube, which is thus readily separable into other cubes, 
as in Galena; or the cleavage may be such as to cut 
off the solid angle of the cube, and since there are 
eight of these, such cleavage gives us an octahedron, 
which, however, may be reduced to a tetrahedron, by 
rejecting all parallel faces, as being mere repetitions of 
the same cleavage; this is the case with Fluor Spar: 
or the cube of the tessular aystem may be cleavable in 
planes which truncate aU the edges of the cube; and 
as these are twelve, we thus obtain the dodecahedron 
with rhombic faces ; this occurs in Zinc Blende. And 
thus we see the origin of Haiiy's various primitive 
forma, the tetrahedron, octahedron, and rhombic dode- 
cahecbvn, all belonging to the tessidar system : — they 
we, in iact, different doavage forms of that system. 

5. I do not dwell upon other incidents of crystola 
which have reference to form, nor upon the lustre, 
smoothness, and striation of the surfaces. To all such 
incidents the general principle applies, that similar 
parts are similarly affected ; and hence, if any parts are 
found to be constantly and definitely different &om 
other parts of the same sort, they are not similar 
parts; and the symmetry is to be interpreted with 
reference to this difference. 

We have now to consider the inferences which have 
been drawn from these incidents of crystallization, 
with regard to the intimate structure of liodies. 



CHAPTER m. 



I, "ITTHEN a crystal, as, for instance, a crystal of i 

VV Galena, (Hulphuret of lead,) is readily diviai- 
ble into amaller cubes, and these into sniaJler ones, 
and BO on without limit, it ie very natural to represent 
to ourselTea the original cube as really consisting of j 
mnftll cubical elements; and to imagine that it is a phi- [ 
losophical account of the physical structure of audi a 
substance to say that it is made up of cubical mole' 
cules. And when the Galena crystal has externally 
the fonn of a cube, there is no difficulty in such a con- 
ception ; for the surface of the crystal is also conceived 
as made up of the surfaces of its cubical molecules. 
We conceive the crystal so constituted, as we conceive 
a wall built of bricka. 

But if, aa often happens, the Galena crystal be an 
octahedron, a furthei' consideration is requisite in order 
to understand its structure, pursuing still the same 
hypothesis. The minerul is still, as in the other case, 
readily cleavable into small cubes, having their comers 
turned to the faces of the octahedron. Therefore these 
&ces can no longer be conceived as made up of the 
&ce3 of cubical elements of which the whole is consti- 
tuted. If we suppose a pile of such small cubes to be 
closely built together, but with decreasing width above, 
so as to form a pyramid, the face of such a pyramid 
will no longer be plane ; it will consist of a great num- 
ber of the comers or edges of the small elementary 
cubes. It would appear at first sight, therefore, that 
such a face cannot represent the smooth polished sur- 
fece of a crystal. 
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But ■when we come to look more closely, this diffi- 
culty disappears. For how large are these elementjuy 
cubesl We cannot tell, even supposing they reaUy 
hare any mze. But -we know tliat they must be, at 
any rate, very email ; so small aa to be inuppreciable by 
T senses, for our Henses lind no limit to the divisi- 
bility of minerals by cleavage. Hence the surface of 
the pyramid above described would not consiat of 
visible comers or edges, but would be roughened by 
rka of imperceptible size; or rather, by supposing 
these specks to become still smaller, the roughness 
becomes emoothneaa. And thus we may haTe a crystal 
■with a smooth surfece, made up of smaJl cubes in such 
anner that their surfeces are all oblique to the sur- 
ges of the cryataL 

Haiiy, struck by some instances in which the suppo- 
sition of such a structui'e of crystals appeared to ac- 
count happily for several of their relations and proper- 
ties, adopted and propounded it aa a general theory. 
The small elements, of which he supposed crystals to 
3 thus built up, he termed inlegra/nt moleadeg. The 
form of these molecules might or might not be the 
same as the primitive form, with which his construc- 
tion was supposed to begin; but there was, at any rate, 
.ose connexion between those forms, since both of 
n were founded on the cleavage of the mineral. 
The tenet that crystals are constituted in the manuer 
which I have been describing, I shall call the Theory 
of Integrant Molecules, and I have now to make some 
^ remarks on tbo grounds of this theory. 

Id the case of which I have spoken, the mineral 
I used as the example, Galena, readily splits into cubes, 
I and cubes are easily placed togetier so as to fit each 
I other, and iill the space which they occupy. The same 
I js the case in the mineral which suggested to Haiiy his 
I theory, namely, Calc Spar. The crystals of this snb- 
T stance are readily divisible into rhombohedrons, a 
I form like a brick with oblique angles; and such bricks 
I can be built together so as to produce crystals of all the 
I immense varieties of form which Calc Spar presents. 
[ IThis kind of masonry is equaUy possible in many other 
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minerals ; but aa we go through the mineral kingdor 
in our survey, we aoou find oaaea which oifer difficul- 
ties. Some minerals cleave only in two directioos, | 
some in one only; in such cases we cannot by cleavage I 
obtaio an integraut molecule of definite form ; one of ' 
ifei dimensions, at least, must remain indeterminate I 
and arbitrary. Again, in some inHtances, we have I 
more than three different planes of cleavage, « 
Fluor Spar, where we have four. The aolid, bounded 1 
by four planes, ia a tetrahedron; or if we take four j 
pairs of parallel faces, an octahedron. But if ^ 
attempt to take either of these forma for our integrant 
molecule, we are met by this difficulty ; tliat a collec- 1 
tion of such forms will not fill spaca Perhaps this 
difficulty will be more readily conceived by the general 
reader if it be contemplated with reference to plane 
figuxea It will readily be seen that a nmnber of 
equal aqxiares may be put together so as to fill the 
space which they occupy; but if we take a number of I 
equal regular octagons, we may easily convince our- f 
selves that no possible ari'angement can make them. I 
cover a flat space without leaving blank spots between, f 
la like manner octahedrons or tetrahedrons cannot be I 
arranged in solid space so as to fill it. They necessar I 
rily leave va^mncies. Hence the structure of Fluor J 
Spar, and similar crystals, was a serious obstacle ii 
way of the theory of integrant molecules. That theory I 
had been adopted in the first instance because por- 1 
tions of the cryatal, obtained by cleavage, could b» I 
built lip into a solid mass; but this ground of tha f 
theoiy failed altogether in such instances as I have J 
described, and hence the theory, even upon the repre-J 
aentatious of its adherents, had no longer aoiy claim to .1 
assent. 

The doctrine of Integral Molecules, however, ■ 
by no means given up at once, even in such instances. 1 
lu this and in other subjects, we may observe that ft 1 
theory, once constructed and carried into detail, haal 
such a hold upon the minds of those who have been ii 
the habit of ai)plying it, that they will attempt to up- \ 
hold it by introducing suppositions inconsistent with f 



SPEOHLATIOHS ok STMMETBT of CRTSIALa. 83 

tha original foundatjona of tlie theory. Thus those who 
aaaert the Atomic Theory, reconcile it with facts by 
taking the halves ot atoms; and thus the Theory of In- 
tegrant Molecules was maintained for Fluor Spar, by 
representing the elementary octahedrona of which crya- 
tals are built up, as touching each other only by the 
edges. The contact of soriace with suriace amongst 
int^:rant moleculea had been the first basis of the 
theory; but this Buppoaition being here inapplicable, 
was replaced by one which made the theory no longer 
a representation of the facta (the cleaYBges), but a 
mere geometrical construction. Although, however, 
the inapplicability of the theory to such cases was thus, 
in some degree, disguised to the disciples of Hafly, it 
was plain that, in the fiice of auch difficulties, the 
Theory of Integrant Molecules could not hold its place 
as a philosophical truth. But it still answered tha 
purpose (a Tciy valuable one, and one to which crystal- 
lography is much indebted,) of an instmraent for calou- 
latitig tile geometiical relations of the parts of crystals 
to each other ; for the integrant molecules were sup. 
posed to be placed layer above layer, each layer as We 
ascend, deereasing by a certain number of molecules 
and rows of molecules; and the calculation of these 
laws of decr&ment was, in. feet, the best mode then 
known of determining the positions of the faces. The 
Theory of Decremente served to express and to deter- 
mine, in a great number of the moat obvious cases, Hm 
Imos of phmwmena in crystalline forms, though the 
Theory of Int^rant Molecules could not be raAiatained 
as a just view of the structure of crystals. 

3. The Theory of Integrant Molecules, however, in- 
volved this juat and important principle : that a true 
view of tlie intimate structure of crystals must include 
and explain the facta of Mystallization, that ia, crystal- 
line form and cleavage; and that it must take these 
into account, according to their degree of Sym/metry. 
So fer all theories concerning the elements of crystals 
must agree. And it was soon seen that this was, in 
reality, all that had been established by the investiga- 
tions of Hauy and his school. I have already, in the 
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History, quoted "Weiss'a reflecfciona on making this 
Btep, ' W hea in 1809,' he says', 'I published my 
Dissertation, I shared the coiniuoa opinion as to the 
necessity of the assumption, and the reality of the ex- 
istence of a primitive form, at least in a sense not very 
difierent from the usual sense of the expression.' He 
then proceeds to relate that he sought a ground for 
Buch an opinion, independent of the doctrine of Atoms, 
which he, in common with a great number of philoso- 
phers of that time in Ids own country, was disposed to 
reject, inclining to believe that the properties of bodies 
were detennined by Forces which acted in them, and 
not by Moleaulea of which they were composed. Ha 
adds, that in pursuing this train of thought, he found, 
' that out of hia Primitive Forma there was gradually 
unfolded to hia hands that which really governs them, 
and is not affected by their casual fluctuations ; namely, 
the Fundamental Relations of their Dimensions,' or as 
we now may call them, Axm of Symanetry. With 
reference to these Axes, he found, as he goes on to say, 
that ' a multipKcity of internal Oppositions, necessarily 
and mutually interdependent, are developed in th^ 
crystalline mass, each Relation having its own Polarity ; 
BO that the Crystalline Character is co-exteusiTe with 
these Polarities,' The character of these polarities, 
whether manifested in crystalline feces, cleavage, or 
any other iaddenta of crystallization, is neceBsarily dis- 
played in the d^;ree and kind of Symmetry which the 
crystal possesses : and thus this Symmetry, in all our 
speculations concerning the structure of crystals, neces- 
sarily takes the place of that enumeration of Primitive 
Forms which were rejectedas inconsistent with observed 
iacta, and destitute of sound scientific principle. 

I may just notice here what I have stated in the 
History of Mineralogy', that the distinction of systems 
of crystallization, as introduced by Weiss and Moh^ 
was strikingly confirmed by Sir David Brewster's dis- 
coveries respecting the optical properties of minerals. 
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The splendid pheBomena wliich were produced by 
pasEang polarized light througk crystftla, were found to 
vary according as the crystals were of the Rboinbolie- 
dral, Square Pyramidal, Oblong Prismatic, or Tesaular 
Syatem. The Optical Bjmmetry exactly corresponded 
with the Geometrical Synuuetry. In lie two former 
Systems were crystals wiiaasal in respect of their optical 
properties; the oblong prismatic, was biaxal; while in 
the teaenlar, the want of a predominant axis preyested 
the phenomena here spoken of from occurring at alL 
The optical experiments mart have led, and would have 
led, to a classification of crystals into the above systoms 
or something nearly equivalent, even had they not been 
already so arranged by attention to their forms. 

4. While in Germany Weiss and Mohs with their 
diBciplea, were gradually rejecting what was superfluous 
in the previous crystallographical hypotheses, philoso- 
phers in England were ako trying to represent to 
themselves the constitution of crystals in a manner 
which should be free from the obviously arbitrary and 
untenable Actions of the Haiiyian schooL These 
attempta, however, were not crowned with much suc- 
cess. One mode of representing the stnicture of crys- 
tals which suggested itself was to reject the polyhedral 
forms which Haiiy gave to his integrant molecules, 
and to conceive the elements of crystals as gphereg, the 
properties of the crystal being determined not by the 
Karfaces, but by the pvsilion of the elements. This was 
done by WoUastoD, in the Philosophical Transactions 
for 1813. He applied this view to the tessular system, 
in which, indeed, the application is not dii&cult; and 
he showed that octahedral and tetrahedral figures may 
be deduced from, symmetrical arrangements of equal 
spherules. But though in doing this, he manifested a 
perception of the conditions of the problem, he ap- 
peared to lose his hold on the real question when he 
tried to pass on to othei- systems of crystallization. 
For he accounted for the rhombohedral system by sup- 
posing thft spheres changed into ipkeroidt. Such a 
procedure involved him in a gratuitous and useless 
hypothesis : for to what purpose do we introduce the 
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arrangement of atoms {instead of their figure,) aa a, 
mode of explaining the ^rametry of the cryataUiza- 
tion, when at the nest step we ascribe to the atom, by 
an arbitrary fiction, a symmetry of figore of the sam.e 
tiud as that which we have to explain 1 It is juat aa 
eaey, and as allowable, to assmne an elementary rhom- 
bahedron, as to assume elementary spheroids, of which 
the rhombohedrons are conBtnicted. 

g. Many hypotheses of the same kind might be 
adduced, devised both by mineralogiats and chemists. 
But almost all such speculations have been pursued 
with a most surprising neglect of tlie principle which 
obviously is the only aoimd basis on which they can 
proceed. The principle is this : — that All hypoUnaea 
amcemvng the anrrangsment of the deTnentary aioma of ] 
bodies in epaee mual be conatructed with reference to the \ 
general facte of erygtallixation. The truth and im- 
portance of this principle can admit of no doubt. For 
if we make any hypothesis concerning the mode of 
connexion of the elementary particles of bodies, this 
must be done with the view of representing to our- 
selves the forces which coimect them, and the results 
of theae forces as manifested in the properties of the 
bodiea. Now the forces which connect the particles 
of bodies fu3 as to make them crystalline, are manifestly 
chemical foi-oes. It is only definite chemical com- 
pounds which crystallize; and in crystals the force of 
cohesion by which the particles are held together can- 
not in any way be distinguished or separated from the 
chemical force by which their elements are combined. 
The elements are understood to be combined, precisely 
because the result is a definite, apparenlJy homoge- 
neous Bubstanc& The properties of the compound 
bodies depend upon the elements and their mode of 
combination ; for, in fact, these include everything on 
■which they eon depend. There are no other eircum- 
Btanees than these which can affect the properties of 
a body. Therefore all those properties which have 
reference to space, namely, the crystalline properties, 
cannot depend upon anything else than the -am 
ment of the elementary molecules in space. These 
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propertiea are tlie facta whicli ajiy bypothesia of the 
arrangemeut uf laolecules ntust explain, or at hau&t 
render coneei^^able ; and ail such hypotheses, all con- 
structiona of bodies by supposed arrangements of 
molecules, can have no other philosophical object than 
to account for &cts of thiti Imid. If they do not do 
this, they are mere arbitrary geometrical fictions, which 
cannot be in any degree confirmed or authorised by an 
examination of nature, and ai^ therefore not deserving 
Cif any r^ard. 

6. Those pbiloaophera who have endeavoured to 
represent the mode in which bodies are constructed by 
the combination of their chemical atoms, have often 
nndertaken to show, not only that the atoms are com- 
biued, but also in what positions and configurations 
they are combine<L And it is truly remarkable, as I 
have already said, tliat they have done this, almost in 
every instance, without any consideration of the crys- 
talline character of tiie resulting combinations; from 
which alone we receive any light as to the relation 0!' 
their elementa in spaca Thus Dr. Dalton, in hia 
ShiaentB 0/ Cliemistry, in which he gave to the world 
the Atomic Theory as a repreaentatdon of the doctrine 
of definite and multiple proportions, also published a 
large collection of Diagrams, exhibiting what he Cfn- 
oeived to be the configuiation of the atoms in a great 
number of the most common combinations of chemical 
elements. Now these hypothetical diagrams do not in 
any way correspond, as to the nature of their symme- 
try, with the compounds, as we find them displaying 
their symmetry when they occur crystallized. Carbo- 
nate of lime has in reality a triangular symmetry, 
since it belongs to the rhombohedral system; Dr. Dal- 
ton'a carbonate of lime would be an oblique rhombic 
priam or pjramid. Sulphate of baryta is really two- 
and-two membered; Dr. Dalton'fl cliagram makes it 
two-and-one membered. Alum is really octahedral or 
teasulai'; but according to the diagram it could not be 
so, since the two ends of the atom are not symmetrical. 
And the same want of correstpoudence between the 
facts and the iiyjiothesia rnmi through the whole 
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Kjst«m. It ueexl not EcrpriEe ns thai the tbeotetieal 
arTBngemeiit of atoms does not esplAin de fiuts ot 
cryMallisaiion; for lo prcxlnce such an 
-would be a seconil step in sdence quite as great as the 
tint, the diseovery of the afaMoic themy in ite ekemieal 
But we may allow oonielves to be Boifnieed 
n atter discrcpmce betweoi all the taeta of ccjs- 
tion and tiie figures iwniinwl in the theoiy, did 
not suggest any doubt as to the BoundneGs of tlie mode 
of philoaophiziiig by whict this [lart of the theory was 
oonstrocted. 

7. Some little accordance between the hj))otfaetica[ 
arrangemeats of chemical atoms and the fiicts of crys- 
tollizatian, doea appear to hare been arrived at by 
liome of the theori^ttt to whom we here refer, although 
by no means enoogh to ehow a due conviction of the 
importance of the principle stated above. Thoa Wol- 
lastoD, io the Easay above noticed, after nhowing (hat 
a symmetrical arrangement of e<]ual spherules woold 
give rise to octahedral and other teesular figures, 
remarks, very prcpperiy, that the metals, whidi are 
simple bodies, crystallize in such forms. M. Amp^* 
also, in 1814, published a brief account of an hypo- 
theeis of a somewhat tdmilar nature, and stated hin^ 
self to have developed this speculatioa in a Memoir 
which has not yet, so fai' as I am aware, becai published. 
In this notice he conceives bodies to be compounded 
of m/decidex, which, arranged in a polyhedral form, 
constitute partidea. Theee representative /orm» of the 
particles depend on chemical laws. Thus the particles 
of o^gen, of hydrogen, and of azot^ are composed 
each of four molecules. Hence it is collected that the 
[larticlea of nitrous gas are composed of two molecules 
of oxygen and two of azote; and similar conclusions 
are drawn respecting other substances. These conclu- 
sions, though expressed by means of the polyhedrons 
thus introduced, are supported by chemical, rather 
than by ciystallographical comparisons. The author 
does, indeed, appeal to the crystalJii^tion of sal ammo- 
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niac as an argament*; but as all the forms which he 
introduces appear to belong to the teagrtlar system of 
crystal iizatiou, there is, in his reasonings, nothing dis- 
tinctive ; and therefore nothing, crystallographically 
ape:iking, of any weight on the side of this theory, 

8. Any hypothesis which should introduce any 
principle of chemical order among the actual forms of 
minerals, would well deserve attention. At first sight, 
nothing can appear more anomalous than the forms 
which occur. We have, indeed, one broad &ct, which 
has an encouraging aspect, the tesaular forms in which 
the pure metals crystallize. The highest degree of 
chemical and of geometrical simplicity coincide ; irre- 
gularity disappears precisely where it is excluded by 
the considei'ation above stated, that the symmetry of 
chemical composition must determine the symmetry of 
crystalline form'. 

But if we go on to any other class of cryatallino 
forms, we soon find ovirselves lost in our attempts to 
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follow any thread of order. "We have indeed many-il 
large groups counected by oWioua aualogiee; as theii 
rhomboliedral carbonates of lime, magnesia, iron, num-'i 
gauese; — the prismatic cjurbonatea and sulphates at] 
lime, baryta, strontia, lead. But even in these, 'wv' 
cannot form any plausible hypothesis of the arrange^ 
ment of the elements; and in otber cases to which we 
natnrally turn, we can find nothing but confusion. 
For instance, if we examine the oxides of metals: — 
those of iron are rhombohedral and tessulor; those of 
copper, tessulaj"; those of tin, of titanium, of manga- 
nese, square pyranuda] ; those of antimony, prismatiJcj 
and we have other forms for other substances. 

It may be added, that if we take account of the 
optical properties which, as we have already stated, 
have constant relations to the crystalline forms, the 
confusion is still further increas^; for the optical 
dimensions vary in amount, though not in B3'mnietry, 
where chemistry eau trace no dili'erence of compo- 
sition. 

9. We will not quit the subject, however, without 
noticing the much more promising aspect which it has 
assumed by the detection of suoh groups as are I'eferred 
to in the last article; or in other words, by Mitscher- 
lich's discovery of IgontorpAi^m. According to that 
discovery, there are various elements which may take 
tbe place of each other in ctystalline bodies, either 
without any altei'ation of the crystalline form, or at 
most with only a slight alteration of its dimensions. 
Buch a. group of elements we have in the earths lime 
and magnesia, the protoxides of iron and manganese : 
for the carbonates of all these bases occur crystallised 
in forms of the rhombohedi-al system, the characteris- 
tic angle being nearly the same in all. Sow lime and 
magnesia, by the discoTeries of modem chemistry, are 
really oxides of metals; and therefore all these carbo- 
nate have a similar chemical constitution, while they 
have aJiio a similar crystalline form. Whether or no 
we can devise any arrangement of molecules by which 
this connexion of the chemical and the geometrical 
property can be represented, we cannot help eou.uder- 
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likely than any othev to giye us some intelligible view 
of the relations of the nltimate parte of bodiea. The 
uune may be etdd of all the other isomorphous or ple- 
siomorpIioTia groups'. For instance, we have a num- 
ber of minerals which belong to the same system of 
crystallization, but in which the chemical composition 
appears at first sight to be very TaiiowB ; namely, spi- 
nelle, pleonaste, gahnite, franklinite, chromio ii'ou 
oxide, magnetic iron oxide : but Abich has shown that 
all these may be rednced to a common chemical for- 
mula; — they are bioxides of oub set of bases, combined 
with trioxides of another set. Perhaps some mathema- 
tician may be able to devise some geometrical arrange- 
ment of such a group of elements which may possess 
the properties of the tessular system. Hypothetical 
arrangements of atoms, thiis expressing both the che- 
mical and the crystalline symmetry which we know 
to belong to the substance, would be valmihle steps in 
analytical science; and when they had been duly veri- 
fied, the hyjM)theses might easily be tlivested of their 
atomic charaeter. 

Thus, aa we have already said, mineralogy, under- 
stood ia ite wider sense, as the counterpart of chemis- 
try, has for one of its maiu objects to discover those 
Relations of the Elements of bodies which have refer- 
ence to Space, In this research, the foundation of ail 
sound speculation is the kind and degree of Symmetry 
of form which we find in definite chemical compounds ; 
and the piwblem at present before the inquirer ia, to 
devise such airangemente of molecules as shall answer 
the conditions alike of Chemistry and of Ciystallo- 
graphy. 

We now proceed to the Chissificatory Sciences, of 
which Mineralogy is one, though hitherto by far the 
least auocessliil. 
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Whebe a certain apparent difference between things (although 
perhaps in itself of little moment) answers to we know not what 
number of other differences, pervading not only their known 
properties but properties yet undiscovered, it is not optional but 
imperative to recognise this difference as the foundation of a 
specific distinction. 

John S. Mill, System of Logic, b. i, ch. vii. § 4. 
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THE PHILOSOPHY OF THE CLA8S1FICAT0EY 
SCIENCES. 



CHAPTER I. 



1. Object of the Chapter. — Not only tlic Qassifica- 
tory Sciences, but the application of names to thinga 
in the raciet<t and most unscientific manner, depends 
upon our apprehending them as like each other. We 
must therefore endeavour to trace the influence and 
operation of the Idea of T.jkeneBB in the common use 
of hinguftge, before we speak of the conditions under 
which it acquires its utmost exactness and efficacy. 

It will be my object to show in this, as in previous 
cases, that the impressions of sense are apprehended 
hy acts of the mind; and that these mental acts neces- 
Barily imply certain relations which may be made the 
subjects of speculative reasoning. We shall have, if 
we can, to aeize and bring into clear view the princi- 
plea which the relation of lUe and unlike involves, and 
the mode in which these principles have been deve- 

2. Unity of tlie Indimdual. — Biit before we can 
attend to aevei-ai things as like or unlike, we must be 
able to apprehend each of these by itself aa mte Ifting. 
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It may at first sight perhaps appear that this appre- 
hension reaults immediately from the impresaiona on 
oiir aeosea, without any act of our thoughts. A very 
little attention, however, enables us to see that thus to 
single ont aperial objects requires a mental operation ' 
as well OS a sensation. How, lor example, without an 
exertion of mental activity, can we see one tree, in a 
forest where there are nnany ! We have, spread be- 
fore us, B collection of colours and forms, green and 
brown, dark and light, irregular and straight : this is 
all that sensation gives or can give. But we associate 
one brown trunk with one portion of the green mass, 
excluding the rest, although the neighbouring leaves 
M^ both nearer in contiguity and more similar in 
appearance than ia the stem. Wo thus have before ua 
one tree ; but this unity is given by the mind itself. 
We see the green and the brown, but we must Tiuike 
the tree before we can see it. I 

That this composition of oar sensations so as to 1 
form one tidng implies aji act of our own, will perhaps 
be more readily allowed, if we once more turn our I 
attention to the manner in which we aometimea attempt . 
to imitate and record the objects of sight, by drawing. 
When we do this, as we have already observed, we 
mark this unity of each object, by drawing a line to 
separate the p^ta which we include from those which , 
we exclude; — an OiUline. This line corresponds to I 
nothing which we see; the beginner in drawing Kaa , 
great difficulty in discerning it ; he has in iact to make 1 
it. It is, as has been said by a painter of our own 
time', a fiction : but it is a fiction employed to mark 
a real act of the mind ; to designate the singleness of i 
the object in our conception. As we have said else- 
where, we see lines, but especially outlines, by men- 
tally drawing them ourselves. 

The same act of conception which the outline thus 
represents and commemorates in visible objects,— the 
same combination of sensible impressions into a unit, 
— ia exercised also with regard to the objects of all 
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our senses ; and the ainglenesa thus given to each 
object, !3 B, necessary preliminary to its lieiiig named 
or represented in any other way. 

But it may be said, Is it then by an arbitrary a«t 
of our own that we put together the branches of the 
same tree, or the limbs of the same animal! Have we 
equally the power and the right to make the branch 
of the fir a part of the neighbouring oak? Can we 
include in the outline of a man any object with which 
he happens to l>e in contact! 

Such suppositions are manifestly absurd And the 
answer is, that though we give unity to objects by an 
act of thought, it is not by an arbitrary act; but by 
a process subject to certain conditions; — to conditions 
which exclude such incongruous combinations as have 
just been spoken of. 

What are these conditions which regulate our ap- 
prehension of an object as one^ — which determine 
what portion of our impressions does, and what por- 
tion does not belong to the same thingi 

3. Condition of Unity. — I reply, that the primary 
and fundamental condition is, that we must be able t« 
make intelligible assertions respecting the object, and 
to entertain that belief of which assertions are the 
exposition. A tree grows, »heda its leaves in autumn, 
and buda again in the spring, wwvea in the wind, or 
falls before the storm. And to the tree belong all 
tbtse parts which must be included in order that such 
dedarationa, and the thought which they convey, shall 
have a coherent and permanent meaning. Those are 
its branches which wave and fell with its trunk ; those 
are ita leaves which grow on its branches. The perma^ 
nent connexions which we observe, — permanent, among 
unconnected changes which affect the surrounding 
appearances, — are what we bind together as belonging 
to one object. This permanence is the condition of 
our conceiving the object as one. The connected 
changes may always be described by means of asser- 
tions; and the connexion is seen in the identity of the 
subject of successive predications; in the po^bility of 
applying many verbs to one substantive. "We may 
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therefore express the condition of the unity of 
object to be this: that asuertions coneeming the o6j 
dudl be powible: or rather ve should say, that the 
of belief which such assertioita euimciate shall be 

It may seem to be superfluous to put in a form 
abstract and remote, the grounds of a process appar- 
rently so simple as our conceiving an object to be oa& 
But the same condition to wliich we have thus been 
led, as the essential principle of the unity of objecta, 
namely, that propositions shall be possible, will re- 
peatedly occur in the present chapter; and it maj 
serve to illustrate our views, to show that this condi- 
tion pervades even the simplest cases. 

4. KiTida. — The mental synthesis of which we have 
thus spoken, gives us our knowledge of individual 
things; it enables me to apprehend that particular 
tree or mftu which I now see, or, by the help of memory, 
the tree or the rnaii I saw yesterday. But the know- 
ledge with which we have mainly here to do is not 
a knowledge of individuals bub of kinds; of such. 
classes as are indicated by common names. We have 
to make assertions concerning a tree or a "i"" in gene- 
ral, without regarding what is peculiar to this man or 
that tree. 

fTow it is clear that certain individual objeots are 
all called man, or all called tree, in virtue of some pe- 
pemblance which they hava If we had not the po#er 
of perceiving in the appearances around us, likeueea 
and unlikenesa, we could not consider objecta as distri- 
butod into kinds at alL The impressions of senae 
would throng upon us, but being uncompared with 
each other, they would flow away like the waves of the 
sea, and each vanish from our contemplation when the 
sensation faded. That we do apprehend surrounding 
objects as belonging to permanent kinds, as being men 
and horses, oaks and roses, arises from our having the 
idea of likenesa, and from our appljdng it habitually, 
and so far as such a classification requires. 

Not only can we employ the idea of likeness in thia 
manner, but we apply it incessantly and universally ' 
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the whole mass and train of our sensations. For we 
have no external sensations to which we cannot apply 
some language or other; aud all language necessarily 
implies recognition of reBemblances. We cannot call 
an object green or round ■without comparing in our 
thoughts ite colour or its shape, with a shape and 
a colour seen in other objects. All our senaations, 
therefore, without any exception of kind or time, am 
subject to this constant proce^ss of classification; and 
the idea of likeness is peq>etual]y operating to distri- 
bute them into kinds, at least so far as the use of 
language requires. 

We oome then again to the question, Upon what 
principle, under what conditions, is the Idea of Likeness 
thus operative? What are the limits of the classes 
thus formed) Where does that similarity end, which 
induces and entitles us to call a thing a tree t What 
universal rule ia there for the application of common 
names, ao that we may not apply theia wrongly) 

g. N(A made by Definitiona. — Perhaps some one 
might expect in answer to these inquiries a definition 
or a series of definitions; — might imagine that some 
deacription of a tree might be given which might show 
when the term was applicable and when it was not; 
and that we might construct a body of rules to which 
such descriptions must conform. But on consideration 
it will he clear that the real solution of our difficulty 
cadnot be obtained in such a manner, ^or first; such 
descriptions must be given in words, and must therefore 
suppose that we have already satisfied ourselves how 
words are to be used. If we define a tree to be ' a 
living thing without the power of voluntary motion,' 
we shall be called upon to define ' a living thing ;* and 
it is manifest that this renewal of the demand for 
definition might be repeated indefinitely; and, there- 
fiDre, we cannot in this way come to a final principle. 
And in the next place, most of those who use language, 
even with great precision and consistency, would find 
it difficult or impossible to give good definitions even 
of a few of the general names which they use; and 
therefore their practice cannot be regidated by any 
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tacit refereni^e to such definitioDa: Tiiat definitioDS o^^^H 
tenns are of great ose and importance in their n^Cl^^H 
place, we ahaU soon see; but their place ia not t*^^^^ 
retnilat« the use of conunoo lan^osce. ^ 



r^ulat« the use of conunoo langasg< 

What then, once more, is this regulative principle } 
What rules do men follow in the use of words, so aa 
commonly to avoid confusion and ambiguity^ How do 
they come to understand each other so well aa the^ 
ordinarily do, respecting the limita of classes never 
defined, and which they cannot definel What 
common Convendou, or Condition to which th^ con- 
form) 

6. Cottdiiion qf'the Um of Terms. — Tothis we reply, 
that the Condition which r^ulates the use of Iftiii-i 
guage, is, that it shall be capable of being nsed;- 
is, iStat general assertaons shall be possible. Hie tena' 
tree is applicable aa far as it is useful in expressing oat 
knowledge concerning trees : — thus we know that 
are fixed ia the ground, have a solid stem, branches, 
leaves, and many other properties. With regard to 
all the objects which sarround us, we have an im- 
mense store of knowledge of such properties, and "wa 
employ the names of the objects in such a manner as- 
enables us to express these properties. 

But the connexion of such properties ia variable and 
indefinite. Some properties are constantly combined, , 
others occeaionally only. The leaves of different oaks 
resemble each other, the branches resemble fiir \eas, 
and may difl'cr very widely. The term oak does not 
enable us to say that all oaks have straight branches 
or all crooked. Terms can only express properties as 
fer aa they are constant. Not only, therefore, the 
accumulation of a vast mass of knowledge of the pn>- 
perties and attributes of objects, but also an obs^T»- 
tion of the liabitual conTieantm of such propertjes iBr 
needed, to direct us to the consistent application of 
terms : — to enable us to apply them so as to express 
truths. But here again we are largely provided with 
the requisite knowledge and observation by the com- 
mon course of our existence. The unintennitting 
sti'eam of experience supplies us with an incalcul&ble 
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amount of RQch ohaerved c 
obaerved that the aBBOci&tions of tlie same form of 
leuvda are more couatant than of the some form of 
tranches ; — that though peraons walk in different atti- 
tudes, none go on all fours ; and thus the term oak is 
so applied as to include those casee in which the 
leavra are alike in form though the branches be unlike; 
and though -wa should refuse to apply the term inan 
to a claas of creatures which habituaOy and without 
compulsion used four legs, we make no scruple of affix- 
ing it to persona of very different figures. The whole 
of human experience being composed of such observed, 
connexions, we have thus materials even for the im- 
mense multiplicity of names which human language 
contaiufl; all which names are, as we have said, regu- 
lated in their application by the condition of their ex- 
pressing such experience. 

Thus amid the countless combinations of properties 
and divisions of classes which the structure of lan- 
guage implies, scarcely any ai-e arbitrary or capricious. 
A word which expressed a mere wanton collection of 
unconnected attributes could hardly be called a word; 
for of such a collection of properties no truth could be 
iL3aeri>ed, and the word would disappear, for want of 
some occasion on which it could be used. Though much 
of the fabric of language appears, not unnaturally, fan- 
taatioal and purely conventional, it is in fact otherwise. 
The associations and distinctions of phraseology are not 
more fanciful than is requiaito to make them corre- 
spond to the apparent caprices of nature or of thought ; 
and though much in language may be called conven- 
tional, the conventions exist for the sake of expressing 
Home truth or opinion, and not for their own sake. 
The principle, that the condition of the uge of tenna w 
the po9gibUily of general, intelligible, coneiatent agger- 
tioiis, is ti'ue in the most complete and extensive sense. 

7, Terma may have different Uses. — The Terms 
with which we are here most concerned are Names of 
Classes of natural objects; and when we say that the 
principle and the limit of such Names are their use in 
expressing propositions concemiug the classes, it is 
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clear that much will depend on the kind of proposi- 
tions which we mainly hare to express : end tlmt the 
same name ma^r h&ve difierent limits, according to the 
purpose we have in view. For example, ia the inhale 
properly included in the general term Ji^ f When 
meu are concerned in catching marine animals, the 
main features of the process are the same however the 
animals may differ; hence whales are classed with 
fishes, and we apeak of the whale-Jiahery. But if we 
loot at the analogiea of organization, we find that, ac- 
cording to theae, the wbale is clearly not a fish, but a 
beast, (confining this term, for the sake of distinctness, 
to suckling beasts or jnaimnalg). In Natural History, 
therefore, the whale is not included among fish. The 
indefinite and miaoellaneous propositions which lan- 
guage is employed to enunciate in the course of com.- 
mon practical life, are replaced by a more coherent 
and systematic collection of properties, when we come 
to aim at scientific knowledge But we shall hereafter 
consider the principle of the classifications of Natural 
History ; our present subject is the application of the 
Idea of Likeness in common pi'actice and common lan- 
guage. 

8. Gradation of Xindg.^-Covnaoa names, then, 
include many individuals associated in virtue of resem- 
blances, and of permanently connected properties; and 
such names are applicable as far as th^ serve to ex- 
preSH such projterties. These collections of individuals 
are termed Kinds, Sorts, Clashes. 

But this association of particulars is capable of 
degrees. As individuals by theii- resemblances form 
Kinds, 80 kinds of things, though different, may resem- 
ble each other so as to be again associated in a higher 
Class; and there may be several successive steps of 
such classification. Mam, horse, tree, slone, are each a 
name of a Kind; hut wnimal includes the two first 
and excludes the others; living thing is a term which 
includes animal and tree but not sloTie; body includes 
all the four. And such a subordination of kinds may 
be traced very widely in the arrangements of lan- 
guage. 
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The eondition of the uae of the wider is the same as 
that of the narrower Names of Oftsaea; — they are 
good as fer as they serve to express true propositions. 
In common language, though such an order of gene- 
rahty may in a variety of instances be easily dis- 
cerned, it is not systematically and extensively rderred 
to; but this subordination and graduated compre- 
hensiveness is the essence of the methods and nomen- 
clatures of Natural History, as we shall soon have to 

But such subordination ia not without its use, even 
in common cases, and when it is expreeaed in the 
terms of common language. Thus organized body is a 
term which includes plajits and animalB; animal in- 
cludes beasts, birds, fishes; beagt includes horses and 
doge; dogs, again, are greyhounds, spaniels, terriers. 

9. Characters 0/ Kinds. — Now when we have such 
a Series of Names and Clasaea, we find that we take 
for granted irresistibly that each class has some CAo- 
racier which distinguishes it from other classes included 
in the superior division. We ask w^hat kind of beast 
a dog is; what kind of animal a beast is; and we 
assume that such questions admit of answer; — that 
each kind has some mark or marks by which it may 
be described. And auch descriptions may be given : 
an animal ia an organized body hawng aensatwri and 
volition; man ia a reasonable animal. Whether or no 
we assent to the exactness of these definitions, we 
allow the propriety of their form. If we maintain 
these definitions to be wrong, we must heheve some 
others to be right, however difficult it may he to hit 
upon them. We entertain a conviction that there must 
be, among things ao classed and named, a possibility of 
defining eacL 

Now what ia the foundation of this postulated Wliat 
is the ground of thia assumption, that there must exist 
& definition which we have never seen, and which per- 
haps no one has seen in a satis&ctory form? Tibo 
knowledge of this definition is by no means necessary 
to our using the word with propriety ; for any one can 
make true assertions about dogs, but who can define 0, 
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dog! And yet if the definition be not neoessary to 
enable us to use the word, why ia it necessary at all! 
I allow that we poBaess an indestructible couviotiott 
that there must be such a character of each Idad aa 
will supply & definition ; but I ask, on what this con- 
viction reste. 

I reply, that our persuasion that there must needs 
be characteristic marks by which things can be de- 
fined in words, is founded on the assumption of ike 
necessary possibilUy of reasoning. 

The reference of any object or conception to its 
cla£s without definition, may give ua a persuasion that 
it shares the properties of its class, but suci classing 
does not enable us to reason upon those properties. 
When we consider man aa an animal, wo ascribe to 
him in thought the appetites, deaires, affections, which 
■we habitually include in our notion of animal ; but 
except we have expressed these in some definition or 
acknowledged description of the term animai, we can 
make no use of the persuasion in ratiocination. But 
if we have described unimnlH as ' being impelled to 
action by appetites and passions,' we can not only 
think, but say, 'man is an animaJ, and therefore ha 
is impelled to act by appetites and passions.' And if 
we add a further definition, that ' mHn is a reasonable 
animal,' and if it appear that ' reason implies con- 
formity to a rule of action,' we can then further infer 
that man's nature is to conform the results of animal 
appetite and passion to a rule of action. 

The possibility of pursuing any audi train of reason- 
ing sa this, depends on the definitions, of aaiiviol and 
of maw, which we have introduced ; and the possibility 
of reasoning concerning the objects around us being 
inevitably assumed by ua from the constitution of our 
nature, we assume consequently the possibility of such 
definitions as may thus form parti of our deduction, 
and the existence of such defining characters. 

10. Diffiaulty of DefiHitions. — But though men are, 
on such grounds, led to make constant and importu- 
nate demamda for definitions of the terms which tliey 
employ in their speculations, they are, in fact, far 
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from being able to carry into complete effect the pos- 
tulate on which they proceed, that they must be able 
to fiad definitions which by logical consequence shall 
lead to the truths they seek. The postulate overtooka 
the process by which our clasaea of things are formed 
and our names applied. This process consisting, as 
we have ab-eady said, in observing permanent con- 
nexions of properties, and in fixing them by the at- 
tribution of names, is of the nature of the process 
of Induction, of which we shall afterwards have to 
speak. And the postulate is so far true, that this 
process of induction being once performed, its result 
may usually be expressed by means of a few deti- 
nitions, and may thus lead by a dedaction, to a train 
of real truths. 

But in the subjects where we principally find such a 
subordination of clasaes as we have spokeu of, tliis 
process of deduction is rarely of much prominence : for 
example, in the branches of natural history. Yet it is 
in these subjects that the existence and importance of 
these characteristic marks, which we have spoken of, 
principally comes into view. In treating of these 
marks, however, we enter upon methods which are 
technical and scientific, not popular and common. And 
before we make this transition, we have a remark to 
make on the manner in which writers, without refer- 
ence to physics or natural Idstory, have spoken of 
hinds, their subordination, and their marks. 

ri. ' The Five Word^.' — These things, — the Nature 
and Relations of Classes, — were, in fact, the subjects of 
minute and technical treatment by the logicians of the 
school of Aristotle. Porphyry wrote an Introduction 
to the Calegoriea of that philosopher, which is entitled 
On t/ie Five Words. The ' Five Words' are Genus, 
•Species, D^rmce, Property, Accident. Genus and 
Species are superior and inferior classes, and are stated' 
to be capable of repeated subordination. The ' most 
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general Genus' ia the wideat clsss; the 'moat apecial 
Species' the nftirowest. Between these are interme- 
diate claaaes, which are Genera with regard to those 
below, and Species with regard to those above them. 
Thus Being ia the most general Genus; under this ia 
Body; under Body ia Living Body; under this agaia 
Animal; under Animal ia Hational Animal, or Man; 
imder Man are Socrates and Plato, and other indi- 

The Difference is that which is added to the genus 
to malie the species; thus Kational is the Difference 
by which the genus Animal ia made the speciea Man; 
the Difference in thia Technical aense is the ' Specific,' 
or apeciea-making Difference^ It forms the Defini- 
tion for the purposes of logic, and corresponds to the 
' Character' (specific or generic) of the ^Natural His- 
torians. Indeed several of them, as, for instance, Lin- 
nseus, in his PMloaophta Botanica, ^ways call these 
Characters the Di^eretice, by a traditional application 
of the Peripatetic terms of ait. 

Of the other two words, tlie Property is that which 
though not employed in defining the class, belongs to 
every part of it*: it is, 'What happens to all the 
class, to it alone, and at all times; as to be capable of 
laicghing is a Property of man.' 

The Accident is that which may be present and 
absent without the destruction of the subject, as to 
sleep is an Accident (a thing which happens) to man. 

I need not dwell ftirther on this system of techni- 
calities. The moat remarkable point^ in it are thcee 
which I have already noticed; the doctrine of the 
Buccesaive Subordination of genera, and the fixing 
attention upon the Specific Differenca These doctrines, 
though inTcnted in order to make reasoning more sys- 
tematic, and at a period anterior to the existence of ' 
any Clatisificatory Science, have, by a curious contrast ■ 
with the intentions of their founders, been of scarcely 
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any use in sciences of Beasoningf but have been amply 
applied and developed in the Naiural History which 
arose in later times. 

We must now treat of the principles on which this 
science (Natural History) proceeds, and explain what 
peculiar and technical processes it employs in addition 
to those of common thought and common language. 





CHAPTER II. 



The Mctbods of Natckal Hwtoey, as regulated 
BT THE Idea of Likeness. 



Sect, I. — Natural Ilktory in general. 
I. Idea qf Likmieas wi NtUural History.— Tbs 
various brandtes of Natural History, in so fiir aa they 
are classiiicatoiy sciences merely, and do aot depend 
upon physiological views, rest upon the same Idea of 
Likeness which is the ground of the application of the 
namee, more or less general, of common language. But 
the nature of science requires that, for her purposes, 
tluH Idea should be applied in a more exact and rigom^ 
ouH manner than in ita common and popular employ- 
ment; just as occurs with regard to the other Ideas 
on which science is founded; — for instance, as the idea 
of space gives rise, in popular use, to the relations 
implied in the prepositions and adjectives which refer 
to position and form, and in its scientific develop- 
ment gives rise to the more precise i-elatious of geo- 

The way i 
applied, so a 



Animals, i 



I which the Idea of Likeness has been 
s to lead to the construction, of a scii 
in Botany : for, in the Classification of 
are inevitably guided by a consideration 
of the_/Mnc(Jo»i of parts; that is, by an idea of purpOM, 
and not of likeness merely : and in Mineralogy, the 
attempts at classification on the principles of Natural 
History have been hitherto very impCTfeotlj" success- 
ful. But in Botany we have an example of a branch 
of knowledge in whioh (^stematic classification has 
lieen effected with great beauty and advantage; and 
iu which the peculiaiitioa and principles on which such 
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claAsificatJon miiBt depend have been carefully studied. 
Many of the principal botanists, aa Linnaiua, Adansoii, 
Decandolle, ha^e not only practically applied, but liave 
theoretically enunciated, what they held to be the 
Round maxims of clasaificatory Bcience : and have tbufl 
enabled ua to place before the reader with confidence 
the philoaophy of thia kind of science. 

2. Condition o/its [Tee. — We may begin by remark- 
ing that the Idea of Likeness, in ito systematic employ- 
ment, is goyemed by the same principle ■which we 
have already spoken of aa r^ulating the distribution 
of things into kinds, and the assignment of names in 
tmsyatematic thought and speech; namely, the condi- 
tion that general pn^oaiiwns shall he possible. But aa 
in this case the propositions are to be of a scientific 
form and exactness, the likeness must be treated wittt 
a corresponding precision; and its conaequencea traced 
by steady and distinct processes. Naturalists must, 
for their purposes, emplcy the resemblances of objects 
in a technical manner. This technical process may be 
considered as consisting of three stops; — Tha fisation 
of the resemblances; The use of them in making a 
classification; The means of applying the classification. 
These three steps may be spoken of as the Terminology, 
the Plan of the System, and the Scheine of the Glut' 
racters. 



Sect. II. — Terminology'. 

3. Terminology signifies the collection of terms, or 
technical words, wiuch belong to the science. But in 
fixing the meaning of the terms, at least of the de- 
scriptive terms, we necessarily fix, at the same time, 
the perceptiooa and notions which the terms tu'e to 
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ctviivey ; and thus the Termiaologv of a clanificatoi; 
Hcience exliibits the elemente of its enlMtance as well 
"s of ita huiguage. A large but indispen^ble part of 
the study of botonj (and of minerali^y and zoolf^ 
"Jso,) consists in the acquisition of the peculiar Toca- 
bulary of the science. 

The meaning of technical terma can be fixed in the 
first instance only by convention, and can be made 
inteUigible only by presenting to the senses that which 
the terms are to Bignify. The knowledge of a colour 
by itfl name can only be taught through the eye. No 
acscnption can convey to a hearer what we mean by 
f^/Tle-ffrtxn or French grey. It might, perhaps, be 
tupposed that, in the first example, the term appU, 
referring to so familiar an object, sufficiently suggests 
the colour intended. But it may easily be seen that 
tliia is not true; for apples are of many different hues 
of green, and it is only by a conventional selection that 
Vo can appropriato the term to one special shade. 
When this appropriation is once made, the term refers 
to the sensation, and not to the parts of this term ; for 
these enter into the compound merely as a help to the 
memory, whether the suggestion be a natural con- 
nexion OS in 'apple-green,' or a casual one as in 
' French grey.' In order to derive due advantage 
from technical terms of this kind, they must be asso- 
ciated immediately with the perception to which they 
belong; and not connected with it through the vague 
usages of common language. The memory must retain 
the sensation; and the technical word must be under- 
stood as directly as the most fiimiliar word, and more 
distinctly. When we find such terms as tin^ohiu or 
pinehheck-brovm, the metallic colour so denoted ought 
to start up in our memory without delay or search. 

This, which it is most important to recollect with 
I'espect to the simpler properties of bodies, ea colour 
and form, is no leas true with respect to more com- 
pound notions. In all cases the term is fixed to a 
pocutiar meaning by convention; and the student, in 
order to UBn the word, must be completely fanuliar 
witli tlio convention, so that he has no need to frame 
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conjectures from the word itaelE Such conjectures 
would always be insecure, and often erroneous. Thus 
the term papilionaceous, applied to a flowor, is em- 
ployed to indicate, not only a reaemblance to a, butter- 
fly, but a resemblance arising from five petals of a 
certain peciiliar shape and arrangement; and even if 
the resemblance to a butterfly were much stronger than 
it is in such casee, yet if it were produced in a dif- 
ferent way, as, for example, by one petal, or two only, 
instead of a 'standard,' two 'wings,' and a 'keel' 
consiflting of two parte more or less united into one, 
we should no longer be justified in speaking of it as a 
'papilionaceoiis' flower. 

The formation of an exact and extensive descriptive 
language for botany has been executed with a degree 
of skill and felicity, which, before it was attained, 
could hardly have been dreamt of as attainable. Every 
part of a plant has been named; and the form of every 
part, even the most minute, has had a lai^e assemblage 
of descriptive terms appropriated to it^ by means of 
which the botanist can convey and receive knowledge 
of form and structure, as exactly aa if each minute 
part were presented to him vastly magnified. This 
acquisition was part of the Tanniean Reform, of which 
we have spoken in the Hittory. ' Toumefort,' saya 
Decandolle", 'appears to have been the first who i-eally 
perceived the utUity of fixing the sense of terms in 
such a way as always to employ the same word in the 
same sense, and always to express the same idea by 
the same word ; but it was Linnieus who really created 
and fixed this botanical language, and this is his Mrest 
claim to glory, for by this fixation of language he 
ha£ shed clearness and precision over all parts of the 
science.' 

It is not necessary hert 
of the terms of botany, 
been gradually introduced, as the parts of plants were 
more carefully and minutely examined. Thus the 
flower was suceesaively distinguished into the calyx, 
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the corolla, the stamens, and Hie piBtUa; the sections 
of the corolla were termed petals by Columna; those J 
of the calyx were called mpcds by Necker°. So 
times terms of greater generality were devised; as I 
perianth to include the calyx and corolla, whether one 
or both of these were present*; pericarp for tbe paii; ' 
inclosing the grain, of whatever kind it be, fruit, nut, 
pod, lie. And it may easily be imagined that descrip- 
tive terms may, by definition and combination, become 
very numerous and distinct. Thus leaves may be 
called pinnaiijid'^, pinnatipartUe, pvnnati^ect, pinntiU' 
lobate, pahnMiJid, palmaiipariiie, &a., and each of these 
words designates difTerent combinations of the modes 
and extent of the divisions of the leaf with the divi- 
sions of its outline. In some cases arbitrary numerical 
relations are introduced into the definition : thus a leaf 
is called bilobale' when it is divided into two parts by 
a notch; but if the notch go to the middle of its 
length, it is b^id; if it go near the base of the lea^ it 
is biparlile; if to the base, it is bisect. Thus, too, a 
pod of a cruciferous plant is a silica'' if it be four 
times as long as it is broad, but if it be shorter than 
this it is a silievla. Such terms being established, the 
form of the very complex leaf or fiond of a fern ia 
exactly conveyed by the following phrase : ' fronds 
ripd pinnate, pinnre recurved subunilateral pinnatifld, 
the segments linear undivided or bifid spinuloso-ser- 

Other characters, as well as form, are conveyed with 

the like precision : Colour by means of a classified i 

scale of colours, as we have seen in speaking, of the | 
Measures of Secondary QusJities; to which, however, 

we must add, that the naturalist employs arbitrary j 

names, (such as we have already quoted,) and not mere 1 

numericid exponents, to indicate a certain number of I 

I DBcananJlP, ys^. ' lb. fit. 

' For this ErhMt and DecBUdollB " Honker, Brit FUi. p. 4S1- 
twe Pingone. mmevhsllara irilsoni,Snjttl>hl 
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selected colours. This was done with most pi-ecisioii 
by Werner, and hia scale of colours ia still the most 
usual standard of naturalists. Werner also introduced 
a more exact terminology with regfljd to other characters 
which are important in mineralogy, as lustre, hard- 
ness. But Moha impiflved upon this step by giving a 
numerical scale of hardness, in which talc is i, gypsum, 
2, cale »par 3, and so on, as we hare already explained 
in the History of Mineralogy. Some properties, as 
apecifio gnivity, by their definition give at once a 
numerical measure; and others, as crystalline form, 
require a very considerable array of mathematical cal- 
culation and reasoning, to point out their relations and 
gradations. In all casea the features of likeness in the 
objects must he rightly apprehended, in order to their 
being expressed by a distinct terminology. Thus 110 
terms could describe crystals for any purpose of natu- 
ral history, till it was discovered that in a daas of 
minerals the proportion of the faces might vary, while 
the angle remained the same. !Nor coidd crystals be 
described ho aa to diatluguish speciea, tiU it wae found 
that the derived and primitive forms are connected by 
very simple relations of space and number. The dis- 
covery of the mode in which characters must be appre- 
hended so that they may be considered as Jueed for a 
class, is an impoitant step in the progress of each 
branch of Natural History; and hence we have had, 
in the History of Mineralogy and Botany, to distin- 
guish as important and eminent persons those who 
made such discoveries, Bom^ de Lisle and Haiiy, 
Ceaalpinua and Gesner. 

By the continued progress of that knowledge of 
minerals, plants, and other natural objects, in which 
such persons made the most distinct and marked steps, 
but which has been constantly advancing in a more 
gradual and imperceptible manner, the most important 
and essential features of similarity and disaimilarity in 
such objects have been selected, arranged, and fitted 
with names ; and we have thus in such departments, 
systems of Terminology which fix our attention upon 
the resemblances which it ia proper to consider, and 

VOL. II, \ 
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enable us to convey them in words. We have now to 
speak of the mode in wlticli such resmblances have 
been employed in the construction of a Systematic 
Clasgification. 

Sect. in. The Plan of the System. 

4. The collection of sound viewa and majcims 1 
which the resemblances of natm-al objects are applied 
BO as to form a scientific classjiication, is a department 
of the philosophy of natural history which has been 
termed by some writers (as Decaadolle), Taxonomy, aa 
containing the LawB of the Tmcis (arrangejmtU). 
By some Germans this has been denominated Sj/f- 
tematikj if we could now foiin a new substantive after 
the analogy of the words Logick, Slietorick, and the 
like, we might call it Syatematick. But though our 
English writers commonly use the expression Sys' 
tenuUioal Botrnny for the Botany of Cfassificatioii, they 
appear to prefer the term IHataxig for the method of 
constructing the claaaification. The rules of such a 
branch of science are curjoiis and instructive. 

In IVaming a Classification of objecta we must attend 
to their resemblances and differences. But here the 
question occurs, to what resemblances and difference T 
for a different selection of the points of resemblance 
would give different results : a plant frequently agrees 
in leaves with one groap of plants, in flowers with an- 
other. Which set of characters are we to take as our 
guided 

The view already given of the regulative principle 
of all classification, namely, that it must enable us to 
assert true and general propositions, will obviously 
occur as applicable here. The object of a scientific 
Classification is to enable us to enunciate scientific 
truths : we must therefore classify according to those 
reaemblimces of objects (plants or any others) which 
bring to light such tniths. 

But this reply to the inquiry, ' On what characters 
of resemblance we are to found oiir system,' is still too 
general aad vague to bo satisfactory. It carries 
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however, as far as this ; — tliat aince the tniths we are 
to sttend to are scientific truths, governed by precise 
and homogeneous relations, we must not found our 
scieutilio Classification on casual, indefinite, and uncon- 
nected considerations. We must not, for instance, be 
satisfied with dividing plants, as Dioscorides does, into 
aromatic, escvXertt, medicmal and vinoue; or even with 
the long prevalent distribution into tre«a, e/tmbB, and 
he^ht; since in these subdivisions there is no consistent 
principle. 

5. Lai&nt Reference to Natural A£inity.- — But there 
may be several kinds of truths, all exact and coherent, 
which may be discovered concerning plants or any 
other natural objects; and if this should be the caae, 
our rule leaves us Htill at a loss in what manner our 
classification ia to be constnacted. And, historically 
speaking, a much more serious inconvenience has been 
this; — that the ta«k of classification of plants was ne- 
cessarily perfowned when the general laws of their 
form and natiire were very little known; or rather, 
when the existence of such laws was only just begin- 
ning to be discerned. Even up to the present day, 
the general propositions which botanists are able to 
assert concerning the structure and properties of plants, 
are extremely imperfect and obscure. 

We are thus led to this conclusion ; — that the Idea 
of Likeness could not be applied so as to give rise to a 
scientific Classification of plants, till considerable pro- 
gress was made in studying the general relations of 
vegetable form and life; and that the selection of the 
resemblances which should be taken into account, 
must depend upon the nature of the relations wliich 
were then brought into view. 

But this amounts to saying that, in the considera- 
tion of the Classification of vegetables, other Idea.s 
must be called into action as well as the Idea of Like- 
ness. The additional general views to which the 
more intimate study of plants leads, must depend, 
like all general truths, upon some regulating Idea 
which gives unity to scattered facta. No progress 
could be made in botanical knowledge without the 
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i^ieratioD of sact prininples : and edc(i addidoual Itleaa 
miut be emplf^ed, besides tJioee of mere Ukeoess sad 
nnlikmeas, in order to point oat tiuA Cl&3s£cation 
irhiclt has a real scientific Taloe. 

Accoidin^T, in the daaeificatoty sciences, Ideas 
otjier than likeneffi do make their appeaiancc. Such 
Ideas "in botany have infinraiced the progress of the 
Bcience, even before they have been dearly brought 
into view. We have especiaUT th« Idea of Affini^, 
irhich is the basis of all Natoral Systems of Clasu- 
ficatioD, and which we shall consider in a succeeding 
chapter. The aasamption that there u a Katural Sys- 
tem, an assumption made by all philosophical botaniite, 
implies a belid in the existence of Natural Affinity, 
and is carried into efiect by means of principles which 
are ioToIved in that Idea. But as the formation of ^ 
systems of classification must involre, in a great de- 
gree, the Idea of Besemblance and Difference, I shall 
first consider the effect of that Idea, before I treat 
specially of Natural Affinity. 

6. A'aiuml Clagges. — Many attempts were made to 
classify vegetables before the rules which govern a 
natural system were clearly apprehended. Botanists 
agree in esteeming some characters as of more valne 
than others, before they had agreed upon any general 
rales or priuciplee for estimating the relative import- 
ance of the characters. They were convinced of the 
necessity of adding other considerations to that of Be- 
semblance, without seeing clearly what these others 
ought to be. They aimed at a Natural Oiassilication, 
without knowing distinctly in what manner it was to 
be Natural. 

The attempts to form 2fatwrat Clagtet, therefore^ 
in the first part of their history, belong to the Idea 
of Likeness, though obscurely modified, even from aa 
early period, by the Ideas of AfBnity, and even of 
Function and of Development. Hence Natural 
Glasses mav, to a certain eztent, be treated of in this 

^atu^al Classes are opposed to Artificial Classes 
which are understood to be regulated by a 
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character. Yet no claasea can be so absolutely Arti- 
ficial in tliis sense, as to be framed upon chai'actera 
arbitrarily assumed; for instaJice, no one would apeak 
of a class of shnabs defined by the circumstance of 
each having a hundred leaveH : for of such a class no 
assertion could ho made, and therefore the class could 
never come under our notice. In irhat sense then are 
Artificial Classes to be understood, as O2}poaed to Na- 
tural! 

7. Artifidal CTiMses.^To thia question, the follow- 
ing ia the answer. When Natural Claases of a certain 
amall extent have been formed, a system may be 
devised which shall be regulated by a few selected cha- 
racters, and which shall not dissever these small Natu- 
ral Classes, but conform to them aa far as they go. If 
these selected characters be then made absolute and 
imperative, and if we abandon all attempt to obtain 
Natural Classes of any higher order and wider extent, 
we form an Artificial System. 

Thus in the Linnwan System of Botanical Qassifica- 
tion, it is assumed that certain natiu-al groups, namely. 
Species and Genera, are established; it is conceived, 
moreover, that the division of Classes according to 
the number of atamena and of pistUs does not violate 
the natural connexions of Species and Genera. This 
arrangement, according to the number of atamens and 
pistils, (fiirther modified in certain cases by other con- 
siderations,) is then made the ground of all the higher 
divisions of plants, and thas we have an Artificial 
System. 

It has been objected to this view, that the Linnteau 
Artificial System does not in all cases respect the 
boundaries of genera, but would, if rigorously applied, 
distribute the species of the same genus into different 
artificial claasea; it would divide, for instance, the 
genera Valeriana, Geraniiem', itc. To this we must 
reply, that so far aa the Linnsean System does this, it 
is an imperfect Axtificial System. Its great merit is 
in its maJdng such a disjunction in comparatively so 

' Decacd. TTuor. Elim, p. 15. 
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few cftaea; ttud in the artificial characters bang, for 
^tt uiual pturli obvious and easily applied. 

ti. Ar4 6«H*rtt yahtrall — It has heen objected also 
that Oeue4;H ar« not Katural groups. Linnseos asserts 
in thd most poiBtive manner that thej are'". On which 
AiUosuu observes", *I know not how anv Botanist can 
uvuntain such a thesis : that which is certein is, that 
Up to the jTCseut time no one 1ib£ been able to prore 
iti nor to give an exact definition of a natural genus, 
but only of an artificial.' He then brings seveial 
argnments to confirm this view. 

But we are to obaerve, in answer to tJii'* , that 
Adauson improperly confounds the revognitioa of the 
existence of a natural group with the invention of a 
technical mark or definition of it Genera are groups 
of species a^ociated in virtue of natural affinity, of 
general resemblance, of real propinquity: of such 
groupe, certain selected characters, one or few, may 
usually be discovered, by which the species may be 
referred to their groups. These Artificial characters 
do not constitute, but indicate the genus : they are the 
JXagnotis, not the basis of the Oiataxu: and they are 
always subject to be rejected, and to have others sub- 
stituted for them, when they violate the natural con- 
nexion of species which a minute and enlarged study 
diseoTors. 

It is, therefore, no proof that Genera are not Natu- 
ral, to say that their artificial characters are difierent 
in different systems. Such characters are only difierent 
attempts to confine the variety of nature within the 
limits of definition. Nor is it sufficient to say that 
these groups themselves are different in different wri- 
ters; that some botanists make genera what others 
make only species; as Pedicularis, Shmanihvi, £tt- 
phrasia, AntirrhinuTn". This discrepancy shows only 
that the natural arrangement is not yet completely 
L JmowD, even in the smaller groups ; a concluaioa to 
I vhich we need not refiise our assent But in opposi- 
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tion to these negatives, the manner in which. Genera 
have been estiiblislied proves that they are regiilated 
by the principle of being natural, and by that alone. 
For they are not formed according to any & priori 
rule. The Botanist does not talce any selected or 
arbitrary part or parts of the plants, and marshal his 
genera according to the differences of this pai-t. On 
the contrary, the divisions of genera are aometinieB 
made by means of the flower j aometimes by means of 
the fniit : the anthers, the stamens, the seeds, the 
pericarp, and the most varied features of these parte, 
lire used in the moat miacellaueaus and unsystematic 
manner. Linnieus has indeed laid down a masim that 
the characteristic differences of genera must reside in 
the fiTictification" ; hut Adanson has justly remarked", 
that an arbitrary restriction like this makes the groups 
arti£cia] : and that in some Ikmilies other characters 
are more essential than those of the fructification; as 
the leaves in the families of Aparinete and Legumiinota, 
and the disposition of the flowers in Labiatm. And 
Naturdists are so tiu- from thinking it sufficient to 
distribute species into genera by arbitrary marks, that 
we find them in many cases lamenting the absence of 
good natural marks : as in the families of UTnbelUferte, 
where Linnsaus declared that any one who could find 
good characters of genera would deserve great admira- 
tion, and where it is only of late that good characters 
have been discovered and the arrangement settled" by 
means principally of the ribs of the fruit". 

It is thus clear that Gienera are not established on 
any assumed or preconceived basis. What, then, is 
the principle which regulates botanists when they try 
to fix genera? What is the arrangement which they 
thus wish for, without being able to hit upon iff 
What is the tendency which thus drives them from 
the corolla to the anthers, from the flower to the fruit, 



' HisL Idttii^ p. 3Q. 
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. fiynn the fi-Qctification to the leaves I It is plam that 
they seek something, not of their crwn deri^ng and 
creating; — not anything merely conventional and ^s- 
teinatic; bnt something which thejr concave to enst 
in the relatioDH of the plants themselves; — something 
which is without the mind, not within;— in natnr^ 

■ not in art; — in short, a Natural Order. 

Thus the r^nlative principle of a Genos, or of any 
other natoral gronp is, that it is, or is supposed to be, 
natural. And by reference to this principle as oar 
guide, wc shall be able to understand the meaning of 
that indefiniteneas and indeciaiDn which we frequently 
find in the d^criptiona of such groups, and which 
must appear so strange and iuconsisteiit to any one 
who does not suppose these descriptions to aasnme any 
deeper ground of connexion than an arbitrary choice 
of the botanist. Thus in the family of the Bose-tree, 
T»e are told that the omdea are eery rarely erect", the 

I tUgmata are luually simple. Of what use, it might 

I Im) asked, can such loose accounts be? To which the 
answer is, that they are not inserted in order to dis- 
tinguish the species, but in order to describe the ianiilj', 
and the total relations of the ovules and of the stig- 
mata of the family are better known by this general 
statement. A similar observation may be made with 
r^ard to the Anomalies of each group, which occur so 
commonly, that Mr. Lindley, in his Introdudwn to the 
J!fa6icrat Syetem, of Botany, makes the 'Anomalies' an 
article in each Family. Thus, part of the character of 
the Rosacete is that they have alternate ttijndate leaves, 
and that the albumen is obliterated: but yet in Lowea, 
one of the genera of this fitmily, the stipuhe are absent; 
and the albumen is present in another, Neiilia. This 
implies, as we have already seen, that the artificial 
character (or diaffjiosis as Mr. Lindley calls it) is im- 
perfect. It is, though very neai'ly, yet not exactly, 
commensurate with the natural group : and hence, in 
certain cases, this character is made to yield to the 
general weight of natural affinities. 

" Llndl*)', Sat. Sinri p. 3i. 
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9. Difference of Natural History and Malliematies. 
— These yiewB, — of claases determined by charactera 
which cannot be expressed in words, — of propositiona 
which state, not what happens in all cases, but only 
usually, — of particulars which are induded in a class 
though they tranflgresa the detinition of it, may very 
probably surprise the reader. They are so contrary to 
nurny of the received opinions respecting the use of 
definitions and the nature of scientific propositiona, 
that they will probably appear to many persons highly 
illogical and unphilosophical. But a disposition to 
such a judgment arises in a great measure from this; 
— that the mathematical and matliematico-phyaical 
sciences hav^ in a great degree, determined men's 
views of the general nature and form of scientific truth ; 
while Natural History has not yet had time or oppor- 
tunity to exert its due influence upon the current 
habite of philosophizing. The apparent jndefiniteness 
and inconaiateney of the classifications and definitions 
of Natural History belongs, in a far higher degree, to 
all other except mathematical speculations ; and the 
modes in which approximations to exact distinctions 
and general truths have been made in Natural His- 
tory, may be worthy our attention, even for the light 
they throw upon the beat modes of pursuing truth of 
all kinds. 

10. Natural GvovpB given tji Tj/pe not hy Definition. 
— The further development of this suggestion must 
be considered hereafter. But we may here observe, 
that though in a Natural Group of objects a definition 
can no longer bo of any use aa a regulative principle, 
classes are not, therefore, left quite loose, without any 
certain standard or guide. The class is steadily fixed, 
though not precisely limited; it is given, though not 
circumscribed; it is determined, not by a boimdaiy 
line without, but by a central point within; not by 
what it strictly excludes, but by what it eminently 
includes ; by an example, not by a precept ; in short, 
instead of Definition we have a Type for our director. 

A Type is an example of any class, for instance, a 
species of a genus, which is considered as eminently 
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possessing the characters of the class. All the speciee 
■which have a greater affinity with this Type-speciea 
than with any others, form the genua, and are ranged 
about it, deviating from it in various directioM and 
different degrees. Thus a genus may consist of several 
species, wliich approach very near the type, and of 
which the claim to a place with it is obvioue; while 
there may he other apeoiea which straggle further from 
thia central knot, and which yet are clearly more con- 
nected with it than with any other. And even if 
there should be some species of which the place is 
dubious, and which appear to he equally bound by two 
generic types, it is easily seen that this would not 
destroy die reality of the generic groups, any more 
than the scattered trees of the intervening plain pre- 
vent our speaking intelligibly of the distinct forests of 
two separate hills. 

The Type-species of every genus, the Type-genus of 
every family, is, then, one which posaeaaea all the cha- 
racters and properties of the genus in a marked and 
prominent manner. The Type of the Rose family has 
alternate stipulate leaves, wants the albumen, has the 
ovules not ereet, has the stigmata simple, and besides 
these features, which distinguish it from the exceptions 
or varieties of its class, it has the features which 
make it prominent in its class. It is one of those 
which possess clearly several leading attributes; and 
thus, though we cannot say of any one genua that it 
must be the Type of the family, or of any one species 
that it mwsi be the Type of the genus, we are atfll not 
wholly to seek : the Type must he connected by 
many affinities with most of the others of its group ; it 
must he near the center of the crowd, and not one of 
the stragglers. 

II. It has already been repeatedly stated, as the 
great rule of all classification, that die classification 
must serve to aaseit general propositions. It may be 
asked vs/iat propositions we are able to enunciate by 
means of such classifications as we are now treating of 
And the answer is, that the collected knowledge of the 
characters, habits, properties, organization, and fiino- 
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tions of these groups and iamilieg, as it is found in tlie 
best botanical works, and as it exists in the minds of 
the best butaniHts, exhibitH to us the propuaitiona which 
constitute the science, and to the expression of which 
the classification ia to serva All that is not strictly 
definition, that is, all that is not artificial character, 
in the descriptions of such classes, is a statement of 
truths, more or less general, more or less precise, but 
making up, together, the positive knowledge which 
constitutes the science. As we have said, the con- 
sideration of the properties of plants in order to form 
a system of classification, has been termed Taxonomy, 
or the Systematick of Botany; aU the parts of the 
descriptions, which, taking the system tor granted, 
convey additional information, are termed the J^ky- 
Biography of the science; and the same terms may be 
applied in the other branches of Natural History. 

12. Artificial and Natv/rai Systems. — If I have suc- 
ceeded in making it apparent that an ai'tificial system 
of characters necessarily implies natural classes which 
are not severed by the artificial marks, we shall now 
be able to compare the nature and objects of the Arti- 
ficial and Natural Systems; points on which mtich has 
been written in recent times. 

rhe Artificial Sj^em is one which is, or professes 
to be, entirely founded upon marks selected according 
to the condition which has been stated, of not yiolating 
certain narrow natural groups; namely in the Lin- 
ntean system, the natural genera of plants. The marks 
which form the basis of the system, being thus selected, 
are applied rigorously and uniyersally without any 
further regard to any other characters or indications of 
affinity. Thus in the Linntean system, which depends 
mainly on the number of male organs or stamens, 
and on the nunjber of female organs or styles, the 
largest divisions, or the Glasses, are arranged according 
to the number of the stamens, and are vnonandria, 
diandria, triandria, tetrandria, penlandria, keteandritt, 
and so on ; the names being formed of the Greek nu- 
merical words, and of the woi-d which implies male. 
And the Orders of each of these Claases lu'e distin- 
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gmshed by the nxnnber of Btjles, and are called nu 
gynia, digyrtia, trigynia, and so on, the tennination of ' 
these words meaning ^/^Tjuife. And ao far as this nu' 
rical division and Bubdivision go on, the system i 
rigorous sjatem, and strictly artificiaL 

But the conditioii that the artificial system shall leave 
certain natural affinities untouched, mukes it impossible I 
to go through the vegetable kingdom by a method of ' 
mere numeration of stamens and styles. The distinction 
of flowers with twenty and with thirty stamens is not 
fixed distinction : fiowers of one and the same bind, s 
i-oaes, have, some fewer than the former, some more 
than the latter number. The Artificial System, there- 
fore, niuat be modified. And there are various rela- 
tions of connexion and proportion among the stamina 
which ore more permanent and important than their 
mere nuniber. Thus flowers with two longer and two 
shorter stamens are not placed in the class tetrandria, 
but are made a separate class didynamia; those with 
four longer and two shorter are in like manner Utron 
dyntnuia, not hexandria; those in wich the filamenla 
are bound into two bundles are diadelphia. All these ■ 
and other classes arc deviations &om the plan of the ' 
earlier Classes, and are so &r defects of the artiflcial 
System; but they are deviations requiaite in order that 
the system may leave a basis of natural groups, with- 
out which it would not be a System of Vegelablei. i 
And as the division is still founded on some properties ' 
of the stamens, it combines not iU with that part of , 
the system which depends on the number of them. 
The Clrtsaea framed in viitue of these various considera- I 
tions make up an Artificial System which is tolerably I 
coherent. 

' But since the Artificial System thus regards natu- 
ral groups, in what does it differ from a Natural Syi^ 
teni'C It differs in tliis; — That though it aUows cer- [ 
tain subordinate natural groups, it merely allows these, 
and does not endeavour to ascend to any wider 
natural groups. It takes all the higher divisions of its 
scheme from its artificial charactera, its stamens and 
pistils, without looking to any natural atSnities. It I 
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accepts natural Genera, but it does not seek natural 
Familiee, or Orders, or Classes. It aaaumes natural 
groups, but does not investigate any; it forms wider 
and tugLer groups, bat professes to frame them arbi- 

But then, on the other hand, the questioQ occurs, 
' This being the case, what can he the use of the Arti- 
ficial Bysteml' If its characters, in the higher stages 
of olaasiiication, be arbitrary, how can it lead us to the 
natural relations of plants! And the answer is, that 
it does BO in virtue of the original condition, that 
there shall be certain natural relations which the arti- 
ficial system shall not transgress; and that its use 
arises from the facility with which wo can follow the 
artiflcial arrangement as far as it goes. We can count 
the stamens and pistils, and thus we know the Class 
and Order of our plant; and we have then to discover 
its Genus and Species by means less symmetrical but 
more natural. The Artificial System, though arbi- 
trary in a certain degree, brings us to a Class in which 
the whole of each Genus is contained, and there we 
can find the proper Genus by a suitable method of 
seeking. No Artificial System can conduct us into 
the estreme of detail, but it can place us in a situation 
where the detail is within our reach. We cannot find 
the house of a foreign friend by its latitude and longi- 
tude; but we may be enabled, by a knowledge of the 
latitude and longitude, to find the city in tshich he 
dwells, or at least the island ; and we then can reach 
his abode by following the road or exploring the 
locality. The Artificial System is such a method of 
traveJling by latitude and longitude ; the Natural 
System is that which is guided by a knowledge of the 
country. 

The Natural System, then, is that which endeavonra 
to arrange by the natural affinities of objects; and 
more especially, which attempts to ascend irom the 
lower natural groups to the higher; as for example 
from genera to natural families, orders, and classes. 
But as we have already hinted, these expressions of 
natural affinities, natural groups, and the like, when 
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considered in reference to the idea of reaemblftnca 
alone, without stutiying analogy or function, are very ' 
vague and obscure. We must notice sonie of the 
attemptB which were made under the opei-ation of this 
imperfect view of the subject. 

Sect. IV. — Modes of/rmning Natural Systems. 

13. Decandolle" distinguishes the attempts at Na- 
tural ClassilicatioiiB into three sorts : those of blind 
trial {t6ionnemeni), those of generai comparison, asd 
those of guhordination of dtaracters. The two former 
do not depend distinctly upon any principle, except 
resemblance; the third refers us to other views, and ' 
must be considered in a future chapter. 1 

SfeUiod of Blind Trial. — The notion of the exist- 
ence of natural classee dependent on the general r&- 
semblanoe of plants, — of an affinity showing itself in 
different parts and vai'ious ways, — though necessaiily 
somewhat vague and obscure^ was acted upon at aa 
early period, as we have seen in the formation of 
genera; and was enunciated in general terms sooa 
after,, Thus Magnolius" says that he discerns in plants 
an affinity, by means of which they may be arranged 
in families : ' Yet it is impossible to obtain from the 
£ructi£cation alone the Characters of these families; 
and I have therefore clioaeu thoHe parts of plants in 
which the princijial characteristic marks are found, as 
the root, the st«m, the flower, the seed. In some 
plants there is even a certain resemblance; an affinity 
which does not consist in the parts considered sepa- 
rately, but in their totality; aa affinity which may be 
felt but not expressed; as we see in the femilies of 
agrimonies and cinquelbiLs, which every botanist wiD 
judge to be related, though they difier by their Kjota, 
their leaves, their Sowers, and their seeds.' 



u Silt. Om. PlanL 



METHODS OF NATURAL OISTORT. 



127 



This obscure feeling of a resemblance on the whole, 
an aliiiiitj of an inttetinite kind, appeiirs fifty yiiurs 
later in Liniueua's attempts. 'In the Natural Clas- 
sification,' he says", ' no d priori mle can be admitted, 
no part of the Iructiii cation can be taken cxclusivetv' 
into consideration ; bat only the simple symmetry of 
all ite part,:^.' Hence though lie proposed Natorul 
Families, and eren stated the formation of such Fami- 
lies to be the first and last object of all Methods, he 
never gave the Characters of those groups, or con- 
nected them by any method. He even declared it to 
l>e impossible to lay down such a system of charactexs. 
This persuaraon was the result of his having reftised to 
admit into bis mind any Idea more profound than that 
notion of Eesembiance of which he had made so much 
and such successful use ; he would not attempt to un- 
ravel the Ideas of Symmetry and of Function on which 
the clear establishment of natural relations must de- 
pend. He even despised the study of the inner oi-gan- 
ization of plants; and reckoned" the Anatmnici, who 
studied the anatomy and physiology of plants and the 
laws of vegetation, among the BotanophWi, the mere 
amateurs of hia science. 

The same notion of general resoniblanco and aftinity, 
accompanied with the same vagueness, ia to be found 
in the writer who least participated in the general 
admiration of Linnteus, BufFon. Though it was in a 
great measure his love of higher views which made 
him dislike what he contiidered the pedantry of the 
Swedish school, he does not seem to have obtained a 
clearer sight of the principle of the natm-al method 
than his rival, except that he did not restrict his 
Characters to the fructification. Things must be ar- 
ranged by their resemblances and dilferences, (ho says 
in 1750",) 'but the resemblances and difierences miwt 
be taken not from one part but from the wholo; and 
we must attend to the form, the size, the habit, the 
number and position of the parts, even the substance 
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of the part ; and we m\ist make use of these elements I 
ill greater or smaller nimiber, as we hare need' 

14. Metlwd of General ComparUon. — A eouii 
man of Bufibn, who shared with hijn his depreciating 1 
estimate of the Linuteau system, and his wish to found I 
a natural syatem upon a broader basis, was Adanson; I 
and he invented an ingenioua method of apparently I 
avoiding the vagueness of the practice of following the 1 
general feeling of resemblance. This method consisted I 
in making many Artificial Systems, in each of which 1 
plants were arranged by some one part; and then col- 
lecting those plants which came near each other in the 
greatest number of those Artificial Systems, as plants 
naturally the most related. Adanaon gives an account" 
of the manner in which this system arose in his mind. 
Ho ]iad gone to Senegal, animated by an intense zeal 
for natural history; and there, amid the luxuriant 
vegetation of the torrid zone, he found that the methods 
of Linnaeus and Tournefort failed him altogether as J 
means of arranging his new botanical treasures. Hal 
was drivcQ to seek a now system. ' For this purpoae^'l 
he says, ' I examined plants in all their par^ withoa&l 
omitting any, from the roots to the embryo, the folding f 
of the leaves in the bud, their mode of sheathing**, thai 
situation and folding of the embryo and of its radicla J 
in the seed, relatively to the fruit; in short, a numb^J 
of particulars which few botanists notice, I made in J 
the first place a complete description of each plants f 
putting each of its parts in separate articles, in all itS I 
details; when new species occurred I put down tha I 
points in which they differed, omitting those in which. 1 
they agreed. By means of the aggregate of these o 
parative descriptions, I perceived that plants arran_ 
themaelves into classes or &inilies which could not ba- , 
artificial or arbitrary, not being founded upon on 
two parts, which might change at certain limits, but 1 
on all the parts; so that the dispropoilion of onet^ J 
these parts was corrected and balanced by the intnK-l 
duction of another.' Thus the principle of Kesemblanoe ■ 
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■was to suffice for the general arrangement, not hy 
means of a new principle, as Symmetry or Organiza- 
tion, which should regulate ita application, but by a, 
numemtion of the peculiarities in which the resem- 
blance conaiated. 

The khour which Adanaon underwent in the execu- 
tion of this thought was immense. By taking each 
Organ, and cousideidng ita situation, figure, number, 
Ac., he framed sixty-five Artificial Systems; and col- 
lected hia Natural Families by a numerical combina- 
tion of these. For example, his dxly^fifili, Artificial 
System" is that which depends upon the situation of 
the Ovary with regard to the Flower; according to 
this system he ir^jues ten Artificial Classes, including 
mnetf/-tkree Sections: and of these Sections the result- 
ing Natural Arrangement retains Hdrty-Jvee, above 
one-third : the same eatimate is applied in other eases. 

But this attempt-to make Number supply the de- 
fects which the vague notion of Eesemhlance intro- 
duces, however ingenious, must end in failura For, 
as Decandolle observes", it supposes tliat we know, 
not only all the Organs of plants, but all the points of 
view in which it is possible to consider them; and 
even if this assumption were true, which it is not, and 
must long be very iar from being, the principle is 
altogether vicious ; for it supposes that all these points 
of view, and all the resulting artificial systems are of 
equal importance : — a supposition manifestly erroneous. 
We are thus led back to Uie consideration of the Relw- 
live ImpoHamce of Organs and their qualities, as a 
Ijasis for the classification of plants, which no Artificial 
Method can supersede ; and thus we find the necessity 
of attending to something besides mere external and 
detached Resemblanoa The method of General Com- 
paxiaon cannot, any more than the method of Blind 
Trial, lead ua, with any certainty or clearness, to the 
Natural Method. Adanson's Families are held by 
the best botanists to be, for the gi-eater part, Natural; 
but his hypotheses are un&imded ; and his success is 

» AduiBon, Pret. p. cccilL »• Dea ThKr. Eltm. p. 6j. 
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fnbMy nan dae to Oe £b knXa^ at AJb^, ly 
wUdi be WM meaimiovAj giaded, timn to die hdp 
ha derived from Iria mtncneal praxsMB. 

In > Botxeeding dnfiter I aliftll treat of that 'Satat- 
nl Affinil? on i^cfo » Notorsl SyMem mmt reaD^r be 
fimnded. Bat befii«« proceeding to (bis bigber sub- 
ject, we must n&y a few wwds on soone ti tbe otbcr 
[arts of the {^uloBopfajr of >iatiira] Hiatoiy, — the Ofs- 
datinn of Groups, tbe Nom^ielanire, thie Diagnoai^ 
and tbe applkaticHi of the matfaods fa> otber rabjecbk 

Sect. V. — Gradation o/Gnmpg. 

15. It low been already noticed j(laat eb^Aer,) that 
eren ibat y*gue applicKliau of the idea of resentUanoe 
wfaieb fpvea r»e to the terms of conmion bu^nage^ ia- 
trodncea a Mtbordination of chwaes, as man, amnu^ 
body, tubtUmee. Such a Ettbordinatioti t^^iean in a 
more predac form when we employ this idea in a 
•cientiiiG manner aa we do in Katoral History. We 
havo then a scries of divisions, each inclnaire of Uie 
lower ones, which are expressed by vaiious metaphors 
in different writeni. Thoa Bome have gone as &r as 
mght t«nn« of the iteriefl", and have taken, for the 
moflt put, militoty names for them ; a8 HotU, Zeffious, 
P/uUanxeg, Centuriet, Cohorig, Sections, Genera, Spe- 
cies. But the moat received aeries is Cltuaet, Orders, 
Genera, and Species; in which, however, we often have 
other term4 interpolated, as Svb~geaera, or Sections of 
genera. The exjiressions Family and Tribe, are com- 
monly Bpprcjpriated to nataral groups ; and we speak 
of the V^etable, Anima], Mineral Kingdom; but the 
other metaphors of Provinces, Districts, &Q-, which i 
this suggesrtM, huvo not been commonly used". 

It will of course be understood that each ascending 
step of classification is deduced by the same prooesa I 
from the one below. A Genus is a collection of Spft- I 
cies which resemble each other more than they resi 
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ble other species ; an Order ia a. coUectioii of Genera 
having, in like manner, the first degree of resemblaDce, 
and so on. How close or how wide the Degrees of 
Resemblance are, must depend upon the nature of tte 
objects compared, and cannot possibly be prescribed 
beforehand. Hence the same term, Class and Order 
for instance, may imply, in diflerent provinces of 
nature, very different degrees of resemhlanca The 
ClaaaeB of Animals are Insects, Birds, Fish, Beasta, 
Ac. The Orders of Beasts are RwndnanU, Taa-di- 
gradet, Plantigrades, ifec. The two Ciasiies of Plants 
(according to the Natural Order") are Vascula/r and 
Cellular, the latter having neither sexes, flowers, nor 
spiral veasela. The Vascular Plants are divided into 
Orders, as Uwhellifera, Ra/numndaeeas, ic; but be- 
tween this Class and its Orders ore interposed two 
other steps : — two Sub-dassea, Dicotyledoncms and Mo- 
nocoti/ledonous, and two Tribes of each : Angiospm-miee, 
Gymaiogpermia: of the first; and Petalmdem, GliimaeicB 
of the second. Such interpolations are modificationa 
of the general formula of aubordinatirai, for the purpose 
of accommodating it to the most prominent natural 
affinities. 

16. iSpeeies. — As we have already seen in tracing 
the principles of the Natural Method, when by the 
intimate study of plants we seek to give fixity and 
definiteness to the notion of resemblance and affinity 
on which ajl these divisions depend, we are led to the 
study of Organization and Analogy. But we make a. 
rel'erence to physiological conditiuna even from the 
first, with regard to the lowest step of our arrange- 
ment, the Species; for we consider it a proof of the 
impropriety of separating two Species, if it be shown 
that they can by any course of projK^tion, culture, 
and treatment, the one pass into the other. It is in 
this way, for example, that it has been supposed to be 
established that the common Primrose, Oxlip, Poly- 
anthua, and Cowsh]i, are all the same species. Plants 
which thus, in virtue of external circumstances, as soil. 
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exposure, cliinate, exhibit difiereuces whicli may dis- 
appear by changing the circamstance:), are called Va- 
rietUt of the species. And thus we cannot say that a 
Species ia a ooUection of individuals which poeaesB the 
Rret Degree of Resemblance; for it is clear that a 
primrose resembles another primrose more than it does 
a cowslip; bnt this resemblance only constitutes a 
Variety. And we find that we must necessarily in- 
clude in our conception of Species, the notion of pro- 
pagation from the same stock. And thus a Species 
haa been well defined"; ' The collection of the indi- 
viduals descended from one another, or from 
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parents, and of those which resemble these as much as 
these resemble each other.' And thns the sesual doctrine 
of plants, or rather the consideration of them as things 
wMch propagate their kind, {whether by seed, ahool^ or 
in any other way,) is at the liaais of our classifications. 

17. The First permanent Degree of Resemblance 
among organized beings is thus that which depends on 
this relation of generation, and we might expect that 
the groups which are connected by this relation would 
derive their names Irom the notion of generation. It 
is curious that both in Greek and Latin languages and 
in our own, the words which have this origin (yivtK, 
ffetvus, kind,) do not, in the phraseology of science at 
least, denote the nearest degree of relationship, bnt 
have other terms subordinate to them, which appear 
etymologically to indicate a mere resemblance of ap- 
pearance (tl&K, gpeciss, sort); and these latter terms 
afe appropriated t« the groups resulting from propaga- 
tion. Probably the reason of this is, that the former 
terms {genitg, &c.) had been applied so widely and 
loosely before the scientific fixation of terms, that to 
confine them to what we call species would have been 
to restrict them in a manner too unusual t« be con- 
venient. 

18. Varieties. Races. — The Species, as we have I 
said, is the collection of individuals which resemble I 
each other as much as do the ofispring of a common J 

=° Cuv. J(iVk Jnima/, p. ig. 



METHODS OF NATURAL HISTORY. I33 

stock. But within the limits of thia botmdary, there 
are often observable differences pemifmeDt enough to 
attract OTir notice, though capable of lieing obliterated 
by mixture in the course of generation. Such different 
groups ai-6 caUed Varielies. Thus the Pi-iioroae and 
Cowslip, aa has been stated above, are found to be 
varieties of the same plant; the Poodle and the Grey- 
hound are weU marked varietiea of the speciea dog. 
Such differences are hereditary, and it may be long 
doubtful whether such hereditaiy differences are varie- 
ties only, OF different speciea. In such ca.sea the term 
■Baee bas been applied. 

Sect. VI.— ^onienc?a(wre. 

19. The Nomenclature of uuy branch of Natural 
History is the coUection of names of all its species; 
■which, when they become extremely numerous, requires 
some artifice to make it possible to recollect or apply 
them. The known species of plants, for example, were 
10,000 at the time of LinnEeuB, aiid are now probably 
60,000. It would be useless to endeavour to frame 
and employ separate names for each of these species. 

The division of the objects into a subordinated sys- 
tem of classification enables us to introduce a Nomen- 
clature which does not require this enormous number 
of nam.es. The artifice employed to avoid this incon- 
venience is to name a Speciea by means of two (or it 
might be more) steps of the successive division. Thus 
in Botany, each of the genera has its name, and the 
speciea are marked by the addition of some epithet to 
the name of the genus. In this manner about 1,700 
generic names, with a moderat* number of specific 
names, were found by Linmeua sufGcient to designate 
with predsion all the species of vegetables known at 
Ilia time. An il this Binary Metliod of Nomenclature 
has been found so convenient that it haa been univer- 
sally adopted in every other dejMirtment of the Natural 
History of organized beings. 

Many other modes of Nomenclature have been tried, 
but no other has at all taken root. Linna;\a himself 
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of TJinwwM were inteiuled as imub •■ ponUe to es- 
. dwle l«iliarua and oonfiiaioD, sod hare, opoD the 
i^ been gmenllj adopted; thoogli manj of them 
e ob)«ct«d to I17 Ilia anrtemponriea (AduHon and 
n"), as cqiridoas or onneceaaaij innorations. 
' Kanj trf the namea, inbt^doced by linnsns, oerteinly 
'VP^"' &Dcifhl enoDgh : thus be g^rm die name of 
jBauJiinia to a plant vitli leaves in pairs, because the 
Bauliiuii were a pair of brothers; Sanitteria is the 
name of a climbing pUnt, in honour of Banister, who 
trayelled aiuong mountains. But such names, once 
established by adi!quat« authority, lose all their incon- 
Tenience, and easily become permanent ; and hence llie 
reasonableneiH of the LiiinKaii rule", that as such a 
perpetuation of the names of pernona by the names 
of pUnta ia the only honour botanists have to bestow, 
it ought to be used with care and caution. 

The generic name must, as Linnffius says, be fised" 
before we attempt to form a specific name; ' the latter 
without the former is like the clapper without the 
Iwll.' The name of the genus being established, tho 
epeciea may be marked by adding to it ' a single word 
taken at will from any quarter;' that in, not involving 
a description or any essential property of the plant, 
but a casual or arbitrary appellation". Thus the vari- 
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ona species of HieratMnni!" are Eieraeiajn Alpinujn, B. 
Ilalleri, If. Pilosella, II. duliiwrn,, U. inuTorwm, ifec. 
where we see bow dxflerent may be tbe kind of origin 
of the words. 

s have been made at variuus times to form 
3 of Bpecies from those of genera in some 
more symmetrical manner. Thus some have num- 
bered the species of genns, i, 2, 3, iio.; but this 
method is liable to tbe inconveuieoces, first, tliat it 
offera nothing for the memory to take hold of; and 
second, that if a new species intei'mediate between 1 
and 3, 2 and 3, Ac, be discovered, it cannot be put in 
ita place. It has also been proposed to mark the species 
by altering the termination of the genus. Thus Adan- 
son°°, denoting a genus by the name ^''onna {Lydiiadea), 
conceived he might mark five trf ita species by altering 
the last vowel. Forma, Fonna-e, Fonna-i, Fowna-o, 
Fonna-u; then others by Fonnorha, Fonna-ka, ajid so 
on. This course would be liable to the same evils 
which have been noticed as belonging to the numeri- 
cal method. 

The names of plants (and the same is true of aui- 
mals) have in common practice been binary only, 
consisting of a generic and a specific uama The Class 
and Order have not been admitted to form part of the 
appellation of the apeciea Indeed it is eatsy to see 
that a name which must be identical in go many 
instancea as that of an Order would he, would be felt 
03 superfluous and burdensome. Accordingly, Lmnieus 
makes it a precept", that the name of the Class and 
the Order must not be expressed but anderstood : and 
hence, he saya, Royen, who toot Liliwm for the name 
of a Glass, rightly rejected it as a generic name, and 
substituted Lirium, with the Greek termination. 

Yet we must not too peremptorily assume such 
maxims as these to be universal for all classificatory 
Hciencea It is very possible that it may be found 
advisable to use tliree terms, that of order, genus and 
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apeciee, in deaignating minerals, as is done in MoWs 
nomenclature; for example, RliovthoJiedTal Gale Ha- 
loide, Paratmnous Hal Ba/ryte. 

It is possible also that it may be found useful ii 
the same science to mark some of the steps of classi- 
fication by the termination. Thus it has been proposed 
to confine the termination its to the Order SUimdes of 
Naumann, as Apophylliie, Stdlbirt, Leucifc, he, and to 
use names of different form in other orders, aa Talc 
Spar for Brennerite, Pyramidal Titanium Oxide for 
Ootahedrite. Some audi method appears to be the 
most likely to give ub a tolerable mineralogical nomen- 
clature. 

Bect. TII, — Diagnosis. 

so. German Hatiiralista speak of a part of the 
general method which they call the CkaracleristiJc of 
Natural History, and which is distinguished from the 
Syatefnatik of the science. The Syat^matiek arranges 
the objects by meana of aU their resemblances, the 
Characlerislici: enables us to detect their place in the 
arrangement by means of a few of their characters. 
What these characters are to be, must be discovered by 
observation of the groups and divisions of the system 
when they are formed. To construct a collection of such 
charactei's as shall be clear and luced, is a \13eiid, and 
generally a difficult task; for there is usually no appa- 
rent connexion between the marks which are used in 
discriminatiiig the groups, and the nature of the groups 
themselves. They are assumed only because the natu- 
I'alist, extensively and exactly acquainted with the 
gWDups and the properties of the objeota which com- 
pose them, sees, by a survey of the field, that these 
marks divide it properly. 

The Characteristick has been termed by some Ekigliah 
Botanists the Diagnosis of plants ; a word which we 
may conveniently adopt. The Diagnosis of any genua 
or species is different according to the system we follow. 
Thus in the Linn»an System the Diagnosis of the Rose 
is in the first place given by its Class and Order ; it is 
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Ic08androus, and Polygyiioias; and tlicn the Generic 
DiatiDction is that the calyx is five-cleft, the tube 
Tirceolate, including many hairy achenia, the receptacle 
villous^. In the Natural System the Rtiae-Tribe are 
distingiuKhed as being^" ' Polypetalous dicotyledons, 
with lateral styles, superior simple ovaria, regular 
perigynous stamens, exalbuminous deSnite seeds, and 
altercate stipulate leaves.' And the true Koses are 
fiirther distinguiahed by having ' NutiS, numerous, 
hairy, terminated by the peraistent lateral style and 
inclosed within the fleshy tube of the calyx,' ic 

It will be observed that in a rigoixras Artificial Sys- 
tem the S^/eiematick coincides with the Characteristick; 
the JMcUaxia with the Diagnoeis; the reason why & 
pl&nt is put in & division is identical with the mode 
by which it is known to be in the division. The Rose 
is in the class icoeand/ria, because it has many stamens 
inserted in the calyx ; and when we see such a set of 
stamens we immediately know the class. But this is 
not the case with the Diagnosis of Natural Families. 
Thus the genera Lamium and Galeopiis {Dead Nettle 
and Hemp Nettle) are each formed into a separate 
group in virtue of their general resemblances and 
differences, and not because the former has one tooth 
on each side of the lower lip, and the latter a notch in 
its upper lip, though they are distinguished by these 
marks. 

Thus so far aa our Systems are natural, (which, as 
we have shown, all systems to a certain extent must 
be), the Characteristick is distinct both from a Natural 
and an Artificial System ; and is, in fact, an Artiiicial 
Key to a Natural System. As being Artificial, it takes 
as few characters as possible ^ as being Natural, its 
characters are not selected by any general or prescribed 
rule, but tbllow the natm^al affinities. The Botanists 
who have made any steps in the formation of a natural 
method of plants since Linnseus, have ail attempted to 
give a Diagnosis corresponding to the Diatiuds of their 
method. 



" lb. pp. Si 



CHAPTER m. 



I. rpHE philoBopliy of tLe Sciences of Clasaiiica" 
J. tion has had great light thrown upon it hy 
dificwMiona concerning the methods which are uaed in 
Botony : for that science is one of the moat complete 
examples which can be conceived of the conaiatent and 
successliil application of the principles and ideas of 
Classification; and this application has been made in. 
general without giving rise to any very startling pa,ra- 
doxes, or disclosing any inaurmotintftble difficiiltieB. 
But the discussiona concerning methods of Mineralo- 
gical Classification have been instrnctive for quite a 
different reason ; they have brought into view the 
boundaries and the difficulties of the process of Classi- 
fication; and have presented examples in which every 
possible mode of classiiying appeared to involve inex- 
tricable contradictions. I will notice some of the points 
of this kind which demand our attention, referring to 
the works published recently by several mineralogists. 
In the History of Mineralogy we noticed the at- 
tempt made by Mobs and other Germans to apply to 
minerals a method of arrangement similar to that 
which has been bo successfully employed for plants. 
The survey which we have now taken of the grounth 
of that method will point out some of the reasons c^ 
the very imperfect success of this attempt We have 
already said that the TermMhology of Minerali^y was 
matermlly reformed by "Werner ; and including in tha 
branch of the subject (as we must do) the CiyBtal- 
lography of later writers, it may he considered as t« a 
great extent complete. Of the attempts at a Natural 
arrangement, that of Mohs appears to proceed by the 
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method of blind trial, the undefinable perception of 
relationship, by which the earliest attempts at a Natu- 
ral Arrangement of plants were niade. Breithaupt 
however, has made (though I do not know that he has 
published) an essay in. a mode ivhich corresponds very 
nearly to Adanson's process of multiplied comparisons. 
Having ascertained the specific gravity and hardness 
of all the species of minerals, he arranged them in a 
table, representing by two lines at right angles to each 
other these two numerical quantities. Thus all mine- 
rals were distributed according to two co-ordinates 
representing specific gravity and hardness. He con- 
ceived that the groups which were thus bi-Dught toge- 
ther were natural groups. On both these methods, and 
on all similar ones, we might observe, that in minerals 
Ets in plants, the mere general notion of Likeness can- 
not lead ua to a real arrangement ; this notion requires 
to have precision and aim given it by some other rels' 
tion ;— by the relation of Chemical Composition in 
minerals, as by the relation of Organic Function in 
vegetebles. The physical and ciystallogi-aphical pro- 
perties of minenda must be studied with reference to 
their constitution ; and they must be arranged into 
Groups which have some common Chemical Character, 
before we can consider any advance as made towards a 
Natural Arrangement. 

In reality, it happens in Mineralogy as it happened 
in Botany, that those speculators are regulated by 
an obscure perception of this ulterior relation, who 
do not profess to be regulated by it. Several of the 
Orders of Mohs have really great unity of chemical 
character, and thus have good evidence of their being 
really Natural Orders. 

a. Supposing the Diataxis of minerals thus ob- 
tained, Mohs attempted the Hiagnosis ; and his G}m- 
raeterutick of (Ae Mineral Kingdom, published in 
Dresden, in i8zo, was the first public indication of his 
having constructed a system. From the nature of a 
Oharacteristick, it is neoeesarily brief, and without any 
ostensible principle ; but its importance was diUy ap- 
preciated by the author's countrymen. Since that 



140 PUILOSOPHT OF CLASSIFICATORT SCIENCES. 

time, many attempts have been made at improved- 
arrangcments of minerals, but none, I think, (except 
perhaps that of Breithaupt,) professing to proceed- ^ 
rigorously on the principles of Natural History ; — to 1 
arrange by means of external characters, n^lecting ] 
altogether, or rather postponing, the consideratioa of ' 
chemical propertiea. By relaxing from this rigour, 
however, and by combiaing physical and chemical con- 
siderations, arrangements have been obtained (for 
example, that of Naumann,) which appear more likely 
than the one of Mobs to be approximations to an ulti- 
mate really natural syateni. Naumann'a Clflsaes are 
Hydrolytes, Haioidm, liUicides, Melal Oxides, MetaU, 
Svlphuridea, Anthraeides, with subdivisions of Orders, 
a& Ankydroua umitetallie Siliadea. It may be remarked 
that the designations of these are mostly chemlcaL As 
we have observed already. Chemistry, and Mineralogy 
in its largest sense, are each the necessary supplement 
of the other. If Chemistry furnish the Nomenclature, 
Mineralogy must supply the Physiography : if the 
Arrangement be founded on External Characters and 
the Names be independent of Chemistry, the chemical 
composition of each sjiecies is an important scientiiic' 
Truth respecting it. 

3. The inquiry may actually occur, whether any 
subordination of groups in the mineral kingdom has ' 
really been made out. The ancient chemical arrange- ] 
ments, for instance, that of Haijy, though professing' J 
to distribute minerals according to Classes, Orders, < 
Genera, and Species, were not only arbitrary, but inap- ' 
plicafale ; for the first p(»tulate of any method, that' I 
the spedes should have constant characters of unity j 
and difi'erence, was not satisfied. It was not ascertained ^ 
that carbonate of lime was really distinguishable ii 
cases fi-om carbonate of magnesia, or of iron ; yet these 
species were placed in remote parts of the system : and 
the above carbonates made just so many species; al~ 
though, if they were distinct from one another at all, 
they were further distinguishable into additional spe- . 
cies. Bven now, we may, perhaps, say that the limits I 
of mineralogical species, and their laws of fixity, are 
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not yet clearly aeen. For the discoveriea of the iao- 
morphous relations and of the optical properties of 
minerals have rather shown us in what direction the 
object lies, than led us to the goaL It is clear that, in 
the mineral kingdom, the Definition of Species, hor- 
rowod from the laws of the continuation of the kind, 
which holds throughout the organic world, fails iia 
altogether, and muet be replaced by some other condi- 
tion ; nor is it difficult to see that the definite atomic 
relations of the chemical constituents, and the definite 
crystalline angle, must supply the principles of the 
Specific Identity for mineraja. Yet the exact limits of 
definiteness in both these cases (when we admit the 
effect of mechanical mixtures, &c.) have not yet been 
completely disentangled. Moreover, any arbitrary as- 
sumption (as the allowance of a certain per-centage of 
mixture, or a certain small deviation in the angle,) is 
altogether contraiy to the philosophy of the Natural 
System, and can lead to no stable views. It ia only 
by laborious, extensive, and minute research, that we 
can hope to attain to any solid hasis of arrange- 

4. Still, though there are many doubts respecting 
mineralogical species, a large number of such species 
are so far fixed that they may be supposed capable of 
being united under the higher divisions of a system 
with approximate truth. Of these higher divisions, 
those which have been termed Orders appear to tend 
to something like a fixed chemical character. Thus 
tho.ffaloitls of Kaumann, and mostly those of Mohs, 
are combinations of an oxide with an acid, and thus 
resemble Salts, whence their name. The Silicides 
contain most of Mohs's Spaf/ts : and the Orders Py- 
rites, Glance, and BlsTuie, are common to Nauraann 
and Mohs ; being established by the latter on a difi'er- 
ence of external character, which difierence is, indeed, 
very manifest ; and being included by the former in 
one chemical Class, Stdphuridea. The distinctions of 
Hydrims and Atihyd/rous, Metallic and Unmetallic, 
are, of course, chemical distinctions, hut occur as the 
differences of Orders in Naumann's mixed system. 
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Wa may observe that some French writers, foUow- 
ing Haiiy'a lost edition, une, isateod of metallic and 
imTnelallic, aviiypiide metallic and lietsropside metallie ; 
meaning by thia pLraseology to acknowledge the dis- 
covery tliat earths, he, are metallic, though they do 
not appear to be bo, while metals both are and appear 
metallic. But this seems to be a refinement not only 
useless but absurd. For what is gained by adding the 
word metallie, which is common to all, and therefore 
makes no distinction 1 If certain metals are distin- 
guished by their appearing to be metals, this appear- 
ance is a reason for giving them the peculiar name, 
inelaln. Nothing is gained by first bringing earths and 
metals together, and then immediately separating 
them again by new and inconvenient names. No pro- 
position can be expressed better by calling earthe, keter- 
opdde m^allic substances, and therefore such nomen- 
clature is to be rejected. 

Granting, then, that the Orders of the best recent 
mineralogical systems approximate to natural groups, 
we are ted to ask whether the same can be said of ^e 
Genera of the Natural History systems, such as those 
of Mobs and Breithaupt. And here I must conf^s 
that I see no principle in these Genera; I have &Ued 
to apprehend the conceptions by the application of 
which they have been constructed : I shall therefore 
not pass ajiy further judgment upon them. The sub- 
ordination of Mineralogical Species to Orders is a 
nianifcfit gain to science ; in the interposition of Genera 
I see nothing but a source of confusion. 

5. In Mineralogy, as in other branches of natural 
histoiy, a reformed arrangement ought to give rise to 
a reformed Nomenclature ; and for this, there is more 
occasion at present in Mineralogy than there was in 
Botany at the worst period, at least as far as the ex- 
tent of the subject allows. The characters of minerals 
are much more dimly and unfrequently developed 
than those of plants ; hence arbitrary chemical arrange- 
ments, which could not lead to any natural groups, 
and therefore not to any good names, prevailed till 
recently; and this state of things jiroduced an anarchy 
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in which every man did. what seemed right in his own 
eyes, — profwraed species without any ascertained dis- 
tinction, and without a thought of subordiuation, and 
gave them arbitrary names; and thus with only about 
two or three hundred known speciesi, ve have thou- 
sands upon thousanda of aaiiieB, of anomaloua form 
and uncertain application. 

Moha has attempted to reform the Nomenclature of 
the subject in a mode oonsisteiit with his attempt to 
reform the Systent. In doing this, he has fatally trans- 
gressed a rule always insisted upon by the legislators 
of Botany, of altering usual names as Httle a£ possible; 
and his names are both so noyel and so cumbroiiB, 
that they appear to have little chance of permanent 
tnirrency. They are, perhaps, more unwieldy than 
they n^d to be, by referring, as we have said, to three 
of the steps of his classijication, the Species, Genus, 
and Order. We may, however, assert confidently, from 
the whole analogy of natural history, that no good 
names can be found which do not refer to at least two 
tenna of the arrangement. This rule has been praeti- 
caUy adopted to a great extent by Nanmann, who 
gives to most of his Haloids the name Spar, as Calc 
spar. Iron spar, &c. ; to all his Oxides the terminal 
word Ets; (Ore) ; and to the species of the orders £iea 
(Fyriles), Glance, and Slende, these names. It has 
also been theoretically assented to by Beudant, who 
proposes that we should say sUiocUe etUbite, silicate 
chabasiej carionale calcaire, carbonate wiHierite; sul- 
phate couperose, &a. One great difficulty in this case 
would arise from the great number of ailiddea; it is 
not likely that any names would obtain a footing which 
tacked the term sUicide to another word for each of 
these species. The artifice which I have proposed, iu 
order to obviate this difficulty, is that we should 
make the names of the silicides, and those alone, end 
in ite or iiie, which a large proportion of them do 
already. 

By this and a few similar contrivances, we might, 
I conceive, without any inconvenient change, introduce 
into Mineralogy a aysttematic nomenclature. 
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6. I Bha.ll now proceed to make a few remarks o 
n work on Mmerology more recent than those which I 
hAvo nbove noticed, and written with express reference 
to Ruch diffioultiea aa I have been discussing. I allude ' 
to tho treatise of M. Necker, Ze Miffrte Mineral raanenx ] 
atito Afetliodes cTHigtoire JVaturelle', which also con- 
tains vsjious dissertations on the Philosophy of Claaai- ' 
ficntion in general, and its application to Mineralogy 
in partimilar. 

M. Neoker remarks very justly, that Mineralogy, 
aa it has hitherto been treated, dJjSers from all oHier 
branches of Natural History in this :— that while it is 
invested with all tliB forms of the sciences of clasaifica^ 
tion, — Claesett, Divisions, Genera, and the like, — ^the 
properties of those bodies to which the mineniJogical ' 
atuUiint's attention is directed have no bearing what- 
ever on the claasifieation. A person, he remarks", 
might Ih' perfectly well acquainted with all the charac- 
ters of mineiuls whiflh Werner or Haiiy examined so 
oanJully, luid might yet be quite unable to assign to 
ftny mineral ito place in the divisions of their methods. 
Thero is' « complete separation between the study of 
minMid<:wio<^ characters and tho recognition of die 
nune uid sytttematic place of a mineral Those yiha 
know miittralogy well, may know tiuneraU ill, or 
htu^ly Kt all 1 the aystematist may he in such tnow- 
lod^ VHstly inferior to the mineral-dealer or the 
minor. lu this re^rect ther« is a complete contrast 
between this science and other claasificatory sciences. 

Agftin, in the l>e£tr-known systems of Minerali^y, (as 
thoae of Werner and Haiiy,) the bodies which are 
fCroufted together as belonging to the same division, 
ture not, as tjiey have in other classificatory science^ 
«iy resemblance. The different members of the laigei- 
dftssm «re united l>y the common possesion of some 
idHtiwct properly, — »«, that tiey all contain iron. Th» 
is a property to which no oommon cirraimstajooe in 
riie bodies themselves corresponds. What is theie CMn- 
mon to tJie minerals named oxidnloos iron, snlplvret 
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of iron, carbonate of iron, sulphate of iron, except that 
they all contain iron ! And when we have clasaed these 
bodies together, what general assertion can we make 
concerning them, except that which ia the ground of 
our classification, that they contain iron! They have 
nothing in common with iron or witli each oUier ia 
any other way. 

Again, as these classes hare no general propertiea, 
all the properties are particular to the species; and the 
descriptions of tliese necessarily become both tediously 
long, and inconveniently insulated. 

7. These inconveniences arise from making Chemi- 
cal Composition tiie basis of Mineralogical Clasiaifica- 
tion without giving Chemical Analysis the first place 
Mnong Mineral Properties. Shall we, then, correct this 
omission, so far as it bus affected mineralogical sys~ 
terns? Shall we teach the student the chemical ajialy- 
sis of minerals, and then direct him to classify them 
according to the results of bis analysis'? 

But why should we do this I To what purpose, or 
on what ground, do we arrange the resulta of chemical 
analysia according to the forms and subordination of 
natii^ history? Is not Chomistiy a science distinct 
from Natural History ? Are not the sciences opposed! 
Is not natural history confined to organic bodies ) Can 
mere chemical elements and their combinations be, 
with any propriety or consistency, arranged into Spe- 
cies, Genera, and Families ! What is the principle 
on which genera and species depend? Do not Species 
imply Individuals ? What ia an Individual in the caae 
of a chemical substance! 

8. We thus find some of the widest and deepest 
questions of the philosophy of classification brought 
under our consideration when we would provide a 
method for the classification of minerals. The answers 
to these questions are given by M. Necker ; and I shall 
state some of his opinions ; taking the liberty of adding 
such remarks as are suggested by referring the subject 
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to those principies which have already been established 
in this work. 

M. Necker asserts* tbat the diHtinctiona of different 
Sciences depend, not on the objects they consider, but 
on. the different and independent points of 
which they proceed. Each science has its logic, th&t 
is, its mode of applying the general rules of human 
reason to its own apecial case. It has been said hy 
some", that in minerals, natural hiatoiy and chemistiy 
contemplate common objects, and thiis form a single 
science. But do chemistry and natural history con- 
sider minerals in the same point of view? 

The answer is, that they do not. Physics and Che- 
mistry consider the properties of bodies iu an abstract 
manner; as, their composition, their elements, their 
mutual actions, with the laws of these; their forces, as 
attraction, affinity; all which objects are abstract ideas. 
In these cases we have nothing to do with bodies 
themselves, but as the vehicles of the powers and pro- 
perties which we contemplate. 

Natural History, on the other hand, has to do witb 
natural bodies ; their pi-operties are not considered aU- 
stractedly, but only as characters. If the properties 
are abstracted, it is but for a moment. Natural his- 
tory has to describe and class bodies as they are. AH 
which cannot be perceived by the senses, belongs not 
to its domain, as molecules, atoms, elements. 

Natural history' may have recourse to physics or 
chemistry in order to recognize those propei-ties of 
bodies which serve as characters; but natural history 
is not, on that account, physics or chemistry. Classi- 
fication is the essential business of the natural his~ 
torian", to which task chemistry and physios are only 
instnunental, and the further account of properties 
only complementary. 

It has been said, in support of the doctrine that 
chemistry and mineralogy are identical, that chemistry 
does not neglect external characters. ' The chemist in 

' Biirni Mintral, p. ij. '16. p- 57- 
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describing sulphur, mentions its colour, taste, odour, 
■hardness, transparence, erystalline form, specific gra- 
vity; how does he then differ from the mineralogist?' 
But to this it is replied, that these noticea of the 
external characters of this or any substance are intro- 
duced in chemistry merely aa convenient marks of 
recognition; whereas they are essential in mineralogy. 
If we had taken the account given of several aub- 
stancea instead of one, we should have seen that the 
chemist and the naturidist consider them in ways alto- 
gether different. The chemist will make it his busi- 
ness to discover the mutual action of the substances;' 
he will combine them, form new products, determine 
the proportions of the elements. The mineralogist will 
divide the substances into groups according to their 
properties, and then subdivide these groups, till he 
i-efers each substance to its species. Exterior and phy- 
sical characters are merely accessory and subordinate 
for the chemist; chemistry is merely instrumental for 
the mineralogist. 

This view agrees with that to which we have been 
led by our previous reasonioga; and may, according to 
our principles, be expressed briefly by saying, that the 
Idea which Chemistry has to apply is the Idea of Ele- 
mentary Composition, while Natural History applies 
the Idea of Graduated Besemblances, and thus per- 
foims the task of classification. 

9. The question occurs', whether Natural History 
can be applied to Inorganic Substances') And the 
answer to this question is, that it can be applied, if 
there are such things as inorganic individuals, since 
the resemblances and differences with which natural 
history has to do are the resemblances and differences 
of individuals. 

What is an Individual! It certainly is not that 
which is so simple that it cannot be divided. Indi- 
vidual animals are composed of many parts. But if 
we examine, we shall find that our Idea of an Indi- 
vidual is, that it L3 a whole composed of parts, which 
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are not similar to the whole, and have not an inde- 
pendent exiut«uce, while the whole has an independeni 
existence and a definite form'". 

What then ia the Mineralogical Individual^ At 
first, while minerala were studied for their use, the 
most precious of the substances which thej contained 
wBfi looked upon as the characteristic of the mineral. 
The smallest trace of silver made a mineral an ore of 
silver- Thus forms and properties were disregarded, 
and guhstance was considered as identical with mineral. 
And hence" Daubenton refused to recognize species in 
the mineral kingdom, because he recogmzed no indivi- 
duals. He proposed to call sorts vhat we call speciea. 
In this way of considering mineraU, there are no indi- 
viduals. 

I D. But still this is not satisfactory ; for if we take 
a well-formed and distinct crystal, this clearly is an 
individual". 

It may be objected, that the crystal is divisible 
(according to the theory of crystallography) into smaller 
solids; that these small solids are really the simple 
objects; and that actual crystals are formed by com- 
binations of these molecules according to certain laws. 

But, as we have already said, an individual is such, 
not because it cannot be divided, but because it cannot 
be divided into parts similar to the whole. As to the 
division of the form into its component laws, this is aa 
abstract proceeding, foreign to natural history'". There- 
fore there is so far nothing to prevent a crystal from, 
being an individual. 

ir. "We cannot (M. Necker goes on to remark) 
consider the IntegraTit MoleciUea as individuals. These 
are useful abstractions, but abstractions only, which 
we must not deal with as real objects. Haliy himself 
warns us'* that his doctrine of increments is a purely 
abstract conception, and that nature, in fact, follows a,' 
different process. Accordingly, Weiss and Moha ex- 
press laws identical with those of Haiiy, without even 
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speaking of molecules ; and Wollaaton and Davy have 
deemed it probable that the molecules are not poiy- 
hedrons, but spherea or spheroids. Such mere crea- 
tions of the mind can never be treated as individuals. 
If the maxim of natviral hiatoiy, — that the Speciea is a 
collection of Individuals — be applied so aa to make 
those individuals mere abstractions; or i^ instead of 
Individuals, we take such an abstraction aa Substance 
or Matter, the course of natural history is altogether 
violated. And yet this errour has hitherto generally 
prevailed; and mineralogists have classified, not things, 
but abstract ideas". 

12, But it may be said", will not the small solids 
obtained hy Cleavage better answer the idea of indi- 
viduals! To this it is replied, that these small solids 
have no independent esiteuce. They are only the 
result of a mode of division. They are never found 
separate and independent. The secondaiy forms which 
they compose are determined by various circumstances 
(the nature of the solution, Ac.); and the cleavage 
which produces these small solids is only one result 
among many, from the crystalline forces". 

Thus neither Integrant Molecules, nor Solids ob- 
tained by Cleavage, can be such mineraJogical Indivi- 
duals as the spirit of natural history requires. Hence 
it appears that we must take the real Crystals for 
Individuals". 

13. We must, however, reject crystals (genei-ally 
large ones) which are obviously formed of several 
smaller ones of a sdmilar form (as occurs so often in 
quartz and calc spar). We must also distinguish cases 
in which a large regular form is composed of smaller 
but different regular forms (aa octahedrons of floor 
spar made up of cubes). Here the small component 
forms are the individuals. Also we must notice the 
cases'" in which we have a natural crystal, similar to 
tlie primary form. Here the face will sliow whether 
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14, It will be objected", that the crystaJline form 
ought not to be made the domisant character in miiie- 
ralogy, since it rarely occurs perfect. To this it is 
replied, that even if the application of the principle be 
difficult, still it has been shown to be the only true 
principle, and therefore we have no altematire. But 
further", it is not true that amoi-phous subatancea are 
more numerous than ctystals. In Leouhard'a Manval 
0/ Oryetognosy, there are 377 mineral substances. "" 
these, 381 have a crystalline structure, and 96 only 
have not been fonnd in a regular form. 

Again, the 281 cryataJline forms have each its y 
tieSj some of which are crystalline, and some art 
BO, Now the crystalline varieties amount to 1453, and 
the nncrystalline to 186 only. Thus mineralogy, t 
cording to the view of it here presented, has a suffi- 
ciently wide field", 

ig. It will be objected", that according tu thia 
mode of proceeding, we must reject from our systen 
all non-crystalline minerals. But we reply, that if 
the mass be composed of ciystals, the size of the crys- 
tals makes no difference. Now lamellar and other 
compact masses are very generally groups of crystals in 
various positions. Individuals mutilated and 1 
together are not the less individuals ; and therefore 
such ma.ssea may be treated as objects of natural 
history. 

If we cannot refer all rocks to crystalline species, 
those which elude our method may appear as an ap- 
pendix, corresponding to those plants which botanists 
call genera ineerUe sedis". 

But these genera and species will often be after- 
wards removed into the crystalline part of the system, 
by being identified with crystalline species. Thus 
pyrope, &c., have been referred to garnet, and baaait. 
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waeke, &c., to compound rocka. Thus veins of Sohrile, 
visibly composed of two or three elements, pass to an 
apparently simple state by becoming fine-grained". 

16. Knally", we have to aak, are artificial cryatals 
to enter into our classification ) M, Nocker answers, 
No ; because they are the result of art, like mules, 
meatizoa, hybrids, and the like. 

17. Upon these opinions, we may observe, tliat they 
appear to be, in the main, consistent with the soundest 
philosophy. That each natural crystal is an individual, 
is ft doctrine which ia the only basis of Mineralogy as a 
Natural Historical Science ; yet the imperfections and 
confused unions of crystals make this principle difficult 
to apply. Perhaps it may be expressed in a more pre- 
cise manner by refeiTing to the cryatalline forees, and 
to the aies by which their operation is determined, 
rather than to the exteraal form. That portion of a 
mineral substance is a miueralogical individual which 
is determined by crystalline forces acting to the geerae 
aaxa. In this way we avoid the difficulty arising fi-om 
the absence of faces, and enable ourselves to use either 
cleavage, or optical properties, or any others, as indi- 
cations of the identity of tlio individual. The indi- 
vidual extends so far as the polar forces extend by 
which crystalline form is determined, whether or not 
those forces produce their full effect, namely, a per- 
fectly circumscribed polyhedron. 

18. There is only one material pcint on which our 
principles lead us to differ from M. Necker ; — the pro- 
priety of including an'tijia.oi crystals in our mineraJo- 
gical classification. To exclude them, as he does, is a 
conclusion so entirely at variance with the whole 
course of hia own reasonings, that it is difficult to con- 
ceive that he would persist in his conclusion, if hia 
attention were drawn to the question more steadily. 
For, as ho justly saya", each science has its appropriate 
domain, determined by its peculiar point of view. 
Now artificial and natural crystals are considered in 
the same point of view, (namely, with reference to 

" F^unt Mintral, p, 93. " /i. p. 55. " J6. p. =3. 
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cryBtelline, physical, ftnd optical properties, as anbaer- 
■rient to classification,) and ought, therefore, to belong 
to the same science. Again, ho saya", that Chemistry 
Tcould reject aa useless all notice of the physical pro- 
perties and external characters of substances, if a 
special science 'Were to take charge of the description 
and cUasification of these products. But auch a. special 
science must be Mineralogy ; for we cannot well make 
one science of the classification of natural, and another 
of that of artificial substances : or if wo do, the two 
Bcieucea will be identical in method and piinciples, 
and will extend over each other's boundaries, so that 
it will be neither useful nor possible to distinguish 
them. Again, M. Necker's own reasonings on the 
selection of the individual in. mineralogy are supported 
by well chosen examples" ; bnt these examples are 
taken fi-om artificial aahs ; aa, for instance, common 
salt crystelliring in, different mixtures. Again, the 
analogy of mules and mestizos, as products of art, with 
chemical compounds, is not just. Chemical compounds 
correspond rather to natural apeciea, propagated by 
man under the most natural circumstances, in order 
that he may study the laws of their production". 

i^. But the decisive argument against the separa- 
tion of natural and artificial crystals in our schemes of 
classification is, that we eanm^ make such a separa- 
tion. Substances which were long known only as the 
products of the laboratoiy, are often discovered, after 
a time, in natural deposita. Are the crystals which 
are found in a forgotten retort or solution to be con- 
sidered as belonging to a diflerent science from those 
which occur in a deserted mine 1 And are the crystals 
which are produced where man has turned a stream of 
water or air out of its course, to be separated from 
natural crystals, when the composition, growth, and 
properties, are exactly tbe same in both ? And again : 
How many natural crystals can we already produce by 

■ B^im* Uivtrttl, p. ^6. " Ih. p. jt. 

^ Wd may rgmju-k that M. Necker^ In his own amnKement of mineral^ 
loierti among bi( Bpeda Iron And Lead, which do not occm' N&tirs. 
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synthesis ! How many more may we hope to imitate 
hereailer ! M. Necker himself states", that Mitecher- 
lich found, in the scoriie of the mines of Sweden and 
Germtoiy, artificial minerals haying the same composi- 
tion and the same crystalline form with natural mine- 
rals : as silicates of iron, lime, and magnesia, agreeing 
with Peridot ; bisilicata of iron, lime, and magnesia, 
agreeing with Pyroxene; red oxide of copper; oxide 
of zinc; protoxide of iron (JeroxyduU); sulphureta 
of iron, zinc, lead ; araeniuret of nickel ; black mica. 
These were accidental results of fusion. But M. Ber- 
thier, by bringing together the elements in proper 
quantities, has succeeded in composing similar mine- 
rals, and has thus obtained artificial silicates, with the 
same forms and the same characters as natural eilicatcB. 
Other chemists (M. Haldat, M. Becquerel) have, in 
like manner, obtained, by artificial processes, other 
crystals, known previously as occurring naturally. 
How are these crystals, thus identical with natural 
minerals, to be removed out of the domain of minera- 
logy, and transferred to a science which shall classify 
artificial crystals only ! If this bo done, the minera- 
logist will not be able to classify any specimen till he 
has human testimony whether it was found naturally 
occurring or produced by chemical art. Or is the 
other alternative to be taken, and are these crystals 
to be given up to mineralogy because they occur natu- 
rally also 1 But what can be more unphilosophical 
than to refer to separate sciences the results of chemi- 
cal processes closely allied, and all but identical t The 
chemist constructs bisilicates, and these are classified 
by the mineralogist : hut if he constnicta a trisilicate, 
it belongs to another science. All these intolerable 
incongruities are avoided by acknowledging that arti- 
ficial, as well as natural, crystals belong to the domain 
of mineralogy. It is, in fact, the najiie only of Mine- 
ralogy which appears to discover any inconsistency in 
this mode of proceeding. Mineralogy is the represen- 
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tative of ft science which has a wider o£Sce than mine' 
ralogiats first contemplated ; but which must exist, in 
order that the body of science may be complete. There 
must, as we have already said, be a Science, the object 
of which ia to classify bodies by their physical cha- 
ractera, in order that we may have some i 
assertnng chemical truths concerning bodies ; some 
language in which we may express the propositions 
which chemical analysis discovers. And this Science 
will have its object prescribed, no^ by any accidental 
or arbitrary difference of the story belonging to each 
specimen ; — not by knowing whether the specimen 
was found in the mine or in the laboratory ; produced 
by attempting to imitate nature, or to do violence to 
her : — but will have its course determined by its own. 
character. The range and boundaries of this Science 
will be regulated by the Ideas with which it deals. 
like all other sciences, it must extend to eveiything 
to which its principles apply. The limits of the pro- 
vince which it includes are fixed by the consideration 
that it must be a connected whole. No previous defi- 
.nition, no historical accident, no casual phrase, can at 
aU stand in the way of philosophical consistency ; — can 
make this Science exclude what that includes, or 
oblige it to admit what that rejects. And thus, what- 
ever we call our Science; — whether we term it Exter- 
nal Chemistry, Mineralogy, the ^Natural History of 
Inorganic Bodies ; — since it can be nothing but the 
Science of the Classification of Inorganic Bodies of 
definite forms and properties, it must classify all such 
bodies, whether or not they be minerals, and whether 
or not they be natural. 

20. In the application of the principles of classifica- 
tion to minerals, the question occurs. What are to be 
considered as mineral impedes? By Species we are to 
understand, according to the usage of other parts of 
natural history, the lowest step of our subordinate 
divisions ; — the most limited of tlie groups which have 
definite distinctdons. What definite distinctions of 
groups of objects of any kind reaUy occur in nature, is 
to be tcamt from an examination of nature ; and the 
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result of our inquiriea will be some general principle 
which connects the members of each group, and distin- 
guishea the members of groups ■which, though contigu- 
ous, are diiferent. In the classification of organized 
bodies, the rule which thus presides over the formation. 
of Species ia the principle of r^rodvction. Those ani- 
mals and those plants are of the same Species which 
are produced &om a common stock, or which resemble 
each other as much as the progeny of a common stock. 
Accordingly in practice, if any questions arise whether 
two varieties of form in organic things be of the same 
or different species, it is settled by reference to the 
&ct of reproduction; and when it is ascertained that 
the two forms come within the habitual and r^;u]ar 
limits of a common circle of ifeproduction, they are held 
to be of the same species. Now in crystals, this principle 
of reproduction disappears altogether, and the basis of 
the formation of species must be sought elsewhere. We 
must have some other principle to replace the repro- 
duction which belongs only to organic life. This prin- 
ciple will he, we may expect, one which secures the 
permanence and regularity of mineral forms, as the 
reproductiTO power does of animal and vegetable. Such 
a principle is the Power of Cri/BlaUiealioti. The forces 
of which solidity, cohesion, and crystallization are the 
result, are those which give to minerals their perma- 
nent existence and their physical properties ; and ever 
since the discovery of the distinctions of CiTHtalline 
Forms and Crystalline Systems, it is certain that this 
force distinguishes groups of crystals in the most pi-e- 
cise and definite manner. The rhombohedral carbo- 
nates of lime and of iron, for Instance, are distinguished 
exactly by the angles of their rhombohedrons. And 
if, in the case of any proposed crystal, we should doubt 
to which kind the specimen belongs, the measurement 
of the angles of cleavage would at once decide the 
question. The principle of Crystallization therefore ap- 
pears, from analogy, to be exactly fitted to take the 
place of the principle of oi^piuc Generation, The forces 
which make the individual permanent and its pi-oper- 
ties definite, here stand in the place of the forces 
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wluch preserve the race, -while individnab are gene* 
tated and die. 

21. According to this view, the diffra«iit Modifica- 
tions of the tamt cryatalline form iroold be Yarietiea 
only of the same Species. All the rarious solids, for 
example, which are produced by the different laws of 
derivation of rhombohedral carbonate of lime, wonld 
&11 within the same Species. And this appeals to be 
reqnired by the general an^ogy of Natural History. 
For these differences of form, produced by the lawa of 
crystalline derivation, are not dejiniU. The faces 
which are added to one form in order to produce 
WLother, may be of any size, small or large, and thus 
the crystal which represents one modification jiaases hj 
inseusible degrees to another. The forms of calc spar, 
which we call dogtooth ipar, cannon tpar, nail-head 
tpair, uid the like, appear at first, no doubt, distinct 
enough- but so do the races of dogs. And we find, in 
the mineral as in the nnimal, that the distinction is 
obliterated by taking such intermediate steps as really 
occur. And if a fragmsnl of any of these crystals is 
given us, we can determine that it is rhombohedral 
carbonate of lime ; but it is not posaiHe, in general, 
to determine to which of the kinds of crystals it has 
belonged. 

32. Notwithstanding these considerations, M. Neck^- 
has taken for his basis of mineral species" the Second' 
wry Modifications, and not the Primary Forms, Thus 
eitbical galena, oHahedral galena, and triform galena, 
are, with him, three spedee of crystals. 

On this I have to observe, as I have already don^ 
that on this principle we have no definite distinction of 
species; for these forma may and do pass into each 
other : among cubo-octahedrons of galena occur cubes 
and octahedrons, as one face or another vanishes, and 
the transition is insensibla We shall, on this principle, 
find almost always three or four species in the same 
tuft of crystals; for almost every individual in such 
assemblages may exhibit a diflerent combination of 
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secondary faces. Again, in cases where the secondaxy 
laws are numerous^ it would be impracticable to enn- 
merate all their combinationa, and impossible therefore 
to give a list of species. Accordingly M. Necker'' gives 
seventy-one Species of spath ctUcaire, and then says, 
' Nous n'avons pas enumer^ la dixiSme partie dea 
espSces connuea de ce genre, qui se moatent ib phis de 
huit cents.' Again, in many substances, of which few 
crystals are found, every new specimen would be a. 
new species; if indeed it were perfect enough to be 
referred to a species at alL But from a specimen 
without perfect external form, however perfect in 
crystalline character, although everything else might 
be known, — angles, optical properties, physical proper- 
ties, and chemical constitution, — the species could not 
be determined. Thus M. Necker says" of the mieaB, 
' Quant anx espies propre 4 chaque genre, la lacune 
sera presque compl6te; car jusqu'ici les cristanx entiera 
de Jlica et de Talc n'ont pas iie fort commnns.' 

These inconveniences arise from neglecting the lead- 
ing rule of natural history, that the predominant prin- 
ciple of the existence of an object must determine the 
Species ; whether this principle be Reproduction ope- 
rating for Development, or Crystallization operating 
for Permanence of form. We may add to the above 
statement of inconveniences this ; — that if M, Keeker's 
view of mineralogioal species be adopted, the distinc- 
tion of Species is vague and indefinite, while that of 
Genera is perfectly precise and rigorous; — an aspect 
of the By.=(tem entirely at variance with other parts of 
Natural History ; for in all these the Species is a more 
definite group than the Genua. 

This result follows, as has already been said, from 
M. Necker'a wish to have individuals marked by ex- 
ternal form. If, instead of this, we are contented to 
take for an individual that portion of a mass, of what- 
ever form, which is connected by the continuous influ- 
ence of the same crystalline forces, by whatever inci- 
dents these forces may be manifested, (as cleavage, 
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physical and optical pro])erties, and the like,) our 
mode of proceeding avoids all the above iocouTem- 
eoces, applies alike to the most perfect and most im- 
perfect itpecimena, and gives a result agreeable to the 
general analogy of natural history, and the rules of Ita 
methods''. 

I now quit the subject of mere Kesemblance, and 
proceed to treat of that natural affinity which Natural 
Systems of Claseiiication for organic bodies must in- 
volve. 



" 1 «11] not (gain enter Into tbe nuiKi of Oeom, nunsa of Puni- 
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CHAPTER IV. 

Of the Idea of Natukal Affinity. 



I. TN the Second Chapter of this Book it waa 
X shown that although the Claaaificatoiy Sci- 
enoea proceed oatensibly upon the Idea of BeBemblance 
as their main foundation, they neoeBsarily take for 
granted in the conrse of their progress a, further Idea 
of Natural Aflinity, This appeared' by a general con- 
sideration of the nature of Science, by the recognition 
of natural species and genera, even in Artaiicuil Sys- 
tems of Claasifi cation", and by the attempa of botanists 
to form a Natural System. It further appeared that 
among the processes by which endeavours have been 
made to frame a Natural System, some, as the method 
of Blind Trial and the meUiod of General Comparison, 
have been altogether unsuccessful, being founded only 
upon a collection of reeemblanceB, casual in the one 
ease and arbitrary in the other. In neither of these 
processes is there employed any general principle by 
■which we may be definitely directed as to what resem- 
blances we should employ, or by which the result at 
which we arrive may be veiified and confirmed. Our 
object in the present chapter is to nhow that the Idea 
of Natural Affinity suppOea us with a principle which 
may answer such purposes. 

I shall first consider the Idea, of Affini ty as exempli- 
fied in organized beings. In doing this, we may appear 
to take for granted Ideaa which have not yet come 
under our discussion, as the Ideas of Organization, and 
Vital Function; but it will be found that the principle 
to which we are led is independent of these additional 
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a. We hsTe alnadj oeen that the attenqrts to dis- 
corer tlie divinoiu i^icb result from tfak Nstmal 
ASRaitj have led to the conadoation of the Subordi- 
nation of CharaeUn. It is eMv to see ih^t some 
o^uw ore more eaeeatial than others to the exiatence 
of an organized being; the organs of nntrxtion, for 
example, more essential than thoee of locomotion. Bat 
at the eame time it is clear tiiat any arbitrary asEump- 
tion of a certain scale of relative values of different 
kinds of characters wdl lead only to an Artificial Sys- 
tem, This will happen, it for example, we b«^in by 
declaring the nutritive to be superior in importaiice to 
the reprodnctive Auctions. It- is clear that this rela- 
tion of importance of organs and functions must be 
collected by the study of the organized beings ; and 
cannot be determined A priori, withont depriving ns 
of all right to expect a general accordance between our 
systemand the arrangement of nature. We see, thca-e- 
fure, that cor notion of Natural Affinity involves in it 
this consequence; — that it is not to be made oat by aa 
arbilTary aabordination of characters. 

3. The functions and actions of living things which 
we separate from each other in our consideration, cao^ 
not be severed in nature. Each function is essential ; 
Life implies a collection of movements, and ceases 
when any of these movements is stopped. A change 
in the organization subservient to one set of functions 
may lead necesRarily to a change in the organization 
belonging to others. We can often see this necessary 
connexion; and &om a comparison of the forms of 
oiganized beings, — from the way in which their struc- 
ture changes in passing from one class to another, we 
are led to the conviction that there ia some general 
principle which connects and graduates alt such changes. 
When the circulatory system changes, the nervous 
system changes also : when the jnodo of locomotion 
chaoges, the respiration is also modified. 

4. These corresponding changes may be considered 
as ways in which the living thing ia fitted to its mode 
of life; as marks of adaptation to a purpose; or, as it 
has been otherwiiie expressed, as results of the condir 
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tiona of eidgtence. But at the present moment, we put 
foiTward these correspondencies in a different light. 
We adduce them as illustrations of vrhat we mean, by 
Affinity, and what we consider aa the tendency of a 
Katural Clasaiiication. It has eometimea been asserted 
that if we were to classify any of the departments of 
organized nature by means of one function, and then 
by means of another, the two claaailiGations, if ea«h 
strictly consistent with itself, would be consistent with 
eaoh other. Such an assertion is perhaps more than 
we are entitled to make with confidence ; but it shows 
very ■well what is meant by Affinity. The disposition 
to believe such a general identity of all partial natural 
clssaifications, shows how readily we fix upon the, 
notion of Affinity, as a general result of the causes 
which determine the forms of hving things. When 
these causes or principles, of whatever nature they are 
conceived to be, vary so as to modify one part of the 
organization of the being, they also modify another : 
and thus the groups wMch exhibit this variation of 
the fundamental principles of form, are the same, 
whether the manifestation of the change be sought in 
one part or in another of the organized structure. The 
groups thus formed are related by Affinity; and in 
proportion as wo find the evidence of more functions 
and more organs to the propriety of our groups, we 
are more and more satisfied that they are Katural 
Classes. It appears, then, that our Idea of Affinity 
involves the conviction of the Cmndd&ice of nattvral 
arra/ngemefnta formed on d^erenl funatione; and this, 
rather than the principle of the Subordination of some 
characters to others, is the true ground of the nat\iral 
method of Classification. 

5. For example, Cuvier, after speaking of the Sub- 
ordination of Characters as the guide which he intends 
to follow in his arrangement of animals, interprets this 
principle in euch a manner' as to make it agree nearly 
with the one just stated ; ' In pursuance of what has 
been said on methods in general, we now require to 
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kuow ■what characters in animals are the most influen- 
tial, and therefore those which must be made the 
gi'ounds of the primary divisions.' 'These,' he says, 
'It is clear muHt be those which are taken from ^e 
animal fimctiona; — sensation and motion:' — But how 
does he confirm this J Not hy showing that the animal 
functions are independent o^ or predomin&nt over, the 
vegetative, but by observing that they follow the same 
gradations. ' Observation,' he continues, ' confirms 
this view, by showing that the degrees of development 
and complication of the animal functions agree with 
those of the vegetative. The heart and the organs of 
the circulation are a sort of center for the vegetative 
functions, as the brain and the trunk of the nervouB 
system are for the animal functions. Now we ae« 
these two systems descend in the scale, and disappear 
the one with the other. In the lowest animals, when 
there «re no longer any distinct nerves, there are also 
uo longer distinct fibres, and the organs of digestioa 
ai* simply hoUowed out in the homogeneous mass of 
the body. The muscular system disappears even be- 
foi-e the nervous, in insects; but in general the distri- 
bution of the medullary masses corresponds to that of 
the muscular instrimients; a spinal cord, on vhioh 
knots or ganglions represent so many bi-ains, corre- 
sponds to a body divided into nimieroua rings and 
supported on pairs of members placed at diiferent 
pointe of the length, and so on. 

' This eorregpondence of the general forms which 
result from the ai-rangement of the motive organs, 
from the distribution of the nervous masses, and from 
the enai^ of the circulatory system, must tiierefore 
form the ground of the first great aectioua by which 
we divide the animal kingdom.' 

6. Decandolle takes the same view. There must 
be, he says, on equiUhriv/ia of the difierent ftmctions*. 
And he exemplifies this hy the case of the distinction 
of mouocotyledonous and dicotyledonous plants, which 
being at first established by means of the organs of re- 
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production, was afterwards found to coincide with the 
dietinction . of endogenous and esogenoua, ■which de- 
pends on the process of nuti-ition. ' Thus,' he adds, 
'(Ae natural classes founded on one of the greai func- 
tions of the vegetable are necessarily the soTae as tltose 
whick are fmende-d upon the other fwnction ; and I 
find here a very useful criterion to ascertain whether a 
class is natural : namely, in order to announce that it 
is HO, it must be arrived at by the two roads which 
vegetable organization preaenta. Thus. I affirm,' he 
Bays, ' that the division of monocotyledons from dico- 
tyledons, and the distinction of Gramineie from Cyper- 
acese, are real, because in these cas^ I arrive at the 
same result by the reproductive and the nutritive 
organs ; while the distinction of moaopetalous and 
polypetaloQS, of Bhodoracete and E^cinece, appears to 
me artificial, because I can arrive at it only by the 
reprodnctive organs.' 

Thus the Correspondence of the indications of dif- 
ferent functions is the criterion of Natural Classes ; 
and this correspondence may be considered as one of 
the best and most characteristic mai'ks of the funda- 
mental Idea of Affinity. And the Maxim by which 
all Systems professing to he natural must be tested ia 
this : — that the arrangement obtained from one set of 
characters coincides with the arrangement obtained 
from another set. 

This Idea of Affinity, as a natural connenon among 
various species, of which connexion all particular re- 
semblances are indications, has principally influenced 
the attempts at classifying the animal kingdom. The 
reason why the classification in this branch of Natural 
Histoiy has been more easy and certain than that of 
the vegetable world is, as DecandoUe says', that be- 
sides the functions of nutrition and reproduction, which 
animals have in common with plan^ they have also 
in addition the function of sensation ; and thu3 have a 
new means of verification and concordance. But we 
may add, as a further reason, that the fimctions of 

' rheoT. Elem. p. So. 



164 PHIL030PHT OF CiasSlTICATORT SCIESCES. 

aninuJa toe neceanarily much more obvious and intel- 
ligible to lu than tbme of Tegetables, £rom tbeir clear 
resemblance to the operatioas which take place in onr 
r own bodieH, to which oar attention haa uecesearily be«n 
■tronglj' directed 

7. The qnestion here offers itael^ whether this Idea 
of Ifatund Affinity is applicable to inorganic as w^ 
an to organic bodies ; — whether there be Natural Affi- 
nities among Minerals. And to this we are now 
enabled to reply li^ considering whether or not the 
principle just stated ie applicable in snch cases. And 
the condutrion to whicb our principle leads us is, — 
that there are soch Xatnral Affinities among Mineral^ 
innce there are different seta of characters which may 
be taken, (and have by different wiiterB been taken,) 
as the boais of classification. The hardness, specific 
gravity, colour, lustre, OTHtallization, and other exter- 
nal characters, as they are termed, form one body of 
properties according to which minerals may be classi- 
fied; as has in &ct been done by Mohs, Breithaupt, 
ajul others. The chemical constitation of the sub- 
stances, on the other hand, may be made the principle 
of their arrangement, as was done by Haiiy, and more 
recently, an<l on a different scheme, by Berzelius. 
Which of these ia the true and natural classification ? 
To this we answer, that each of these arrangements is 
true and natural, then, and then only, when it coin- 
cides witB the other. An arrangement by external 
charactcm which gives us classes possessing a commcn 
chemical character ; — a chemical order which brings 
together like and separates unlike minerals; — «nch 
classifications have the evidence of truth iu their 
agreement with one another. Every classification of 
minerals which does not aim at and tend to such a 
result, is so far merely arbitrary; and cannot be sub- 
servient to the expression of general chemical and 
nu'neralogical truths, which is the proper purpose of 
suth a classification. 

8. In the History of Mineralogy I have related 
the advances which have been made among mineralo- 
giiits and chemists iii modern times towards a System 
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possessing this character of truth. I have there de- 
scribed the mised aystems of "Werner and Haiiy ; — -the 
attempt made by Moha to form a pure Natural History 
system; — the first and second attempt of Berzeliua to 
form a pure chemical system; and the iailure of both 
these attempts. But the distinct separation of the two 
elements of Thich science requires the coincidence 
threw a very useful light upon the subject ; aud the 
succeeding mixed aystemi), such as that of Naumann, 
approached much nearer to the true conditions of the 
problem than any of the preceding ones had done. 
Thus, as I have stated, several of Naumami's groups 
have both a common chemical character and great 
external resemblances. Such are his Anhydrous Un- 
metallic Saloids — his Anhydrous Metallic Haloids — 
Mydrovs Metallic Haloids — Oxides of metals — Pyrites 
— Glances — Blmides. The existence of such groups 
shows that we may hope ultimately to obtain a classi- 
fication of minerals which stall be both chemically 
significant, and agreeable to the methods of Natural 
ffistoiy: although when we consider how very im- 
perfect as yet our knowledge of the chemical composi- 
tion of minerals is, we can hardly flatter ourselves 
that we shall arrive at such a result very soon. 

We have thus seen that in Mineralogy, as well as 
in the sciences which treat of organized bodies, we may 
apply the Idea of Natural Affinity; of which the iim- 
daiuenta] maxim is, that arrangements obtaitied from, 
different sets of characters mvM coincide. 

Since the notion of Affinity is thus applicable to 
inoi^anic as well as to organic bodies, it is plain that 
it is not a mere modification of the Idea of Organiza- 
tion or Function, although it may in some of its aspects 
appear to approach near to these other Ideas. But 
these Ideas, or others which are the foundation of 
thera, necessarily enter in a very prominent and funda- 
mental manner into all the other parts of Natural 
History. To the consideration of these, therefore, we 
shall now proceed. 
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I REMEMBKB, upoii saking our famous Harvey, what induoed 
him to think of a circulation of the blood, hs said, that obaemng 
the valves ia the Teinli of many parts of the body, bo placed as to 
give a free passage to the blood towards the heart, but to oppc«H 
the passage of the venal blood the cnutrarj wa;, he imagined 
that so provident a cause as nature bad not thus placed so many 
valves without deaign; and aa no design seemed more probable 
than that the blood could not well, because of the interposing 
valves, be sent by the vans to the limbs, it should be sent through 
the arteries and return through the veins when valves did not 
oppose ita course that way. 

BoTLB, Oa Ike Final Causa of Naturat Thingi. On the 
Proposition ; 'Til often alhviahle for a vatttralitt, from the 
maaifeie and appotile laet of ike partt of animal bodiei, to coHeet 
tome of tAe partiealcvr eadi for vthick the Crtator defitpied Ikem : 
and in tome caiet im ma^, from the haoan aat-are and utruclure of 
the parte, draa partie^dar eonjtetaret oiout tke particular offeet of 
them. 
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THE PHILOSOPHY OF BIOLOGY. 



CHAPTER I. 
' Biology ttith other Sciences. 



i. TN the History of the Sciences, after treating of 
X the Sciences of Classiflcation, we proceeded to 
what are there termed the Organical Sciencea, including 
in thia term Physiology and Comparative Anatomy. 
A peculiar feature in this group of sciences is that 
they involve the notion of Uving things. The notion 
of irt/e, however vague and obscure it may be in men's 
minds, is apprehended as a peculiar Idea, not resolva- 
ble into any other Ideas, such, for instance, aa Matter 
and Motion. The separation between living creatures 
and inert matter, between organized and unorganized 
beings, is conceived as a positive and insurmountable 
barrier. The two classes of objects are considered as 
of a (liatinet kind, produced and preserved by different 
forces. Whether the Idea of Life is really thus origi- 
nal and fundamenbil, and whether, if so, it be one 
Idea only, or involve several, it must be the province 
of true philosophy to determine. What we shall here 
offer may be considered as an attempt to contribute 
something to the determination of thtae questions; 
but we shall perhaps be able to make it appear that 
science is at present only in the course of its progress 
towards a complete solution of such jiroblems. 

Since the main feature of those sciences of which 
we have now to examine the philosophy is, that they 
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inTolve the Idea of Life, it would be desirable to liave 
them designated by a name expressive of that 
stajica The word Phy^logy, by which they have 
moat commonly been described, means (Ae Science qf 
Nature; and though it would be eaay to explain, by 
reference to history, the train of thought by which the 
word was latterly restricted to Living Nature, it is plain 
that the name is, etymologically speaking, loose and 
improper. The term Biology, which means exactly 
what we wish to express, the Science of Life, has often 
been used, and has of late become not uncommon 
among good writers. I shall therefore venture to em- 
ploy it, in most cases, rather than the word Physiology. 
3. As I have already intimated, one main inquiiy 
belonging to the Philosophy of Biology, is concerning 
the ^Fundamental Idea or Ideas which the science in- 
volves. If we look back at the course and the result* 
of our disquiaitiona respecting other sciences in this 
work, and assunie, as we may philosophically do, that 
there will be some general analogy between those 
BciencBS and this, in their development and progress, 
we shall be enabled to anticipate in some measure the 
nature of the view which we shall now have to t^e. 
We have seen that in other subjects the Fundamental 
Ideas on which science depended, and the Conceptions 
derived from these, were at first vague, obscure, and 
confused; — that by gradual steps, by a constant union 
of thought and olMervation, these conceptions become 
more and more clear, more and more definite; — and 
that when they approached complete distinctness and 
precision, there were made great positive discoveries 
into which these conceptions entered; and thus the 
new precision of thought was fixed and perpetuated 
in some conspicuous and lasting truths. Thus we 
have seen how the first confused mechanical concep- 
tions (Force, and the like,) were, from time to time, 
growing clearer, down to the epoch of Newton; — 
how true conceptions of Grenera and of wider classes, 
gradually unfolded themselves among the botanists of 
the sixteenth and seventeenth centuries ;— how the 
idea of Substance became steady enough to govern the 
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theories of chemistB only at the epoch of Lavoieier; — 
how the Idea of Polarity, although often used by phy- 
■sicists and cbemists, ia even nctw somewhat va^ie and 
indistdnct in the minda of the greater part of specula- 
tors. In like manner we may expect to find that the 
Idea of Life, if indeed f/tat be the governing Idea of 
the Science which treats of Living Things, will be 
found to have been gradually approaching towards a 
distinct and definite form among the physiologists of all 
ages up to the present day. And if this be the case, it 
may not be considered superfluous, with reference to 
so interesting a subject^ if we employ some space in 
tracing historically the steps of this progress; — the 
changes by which the originally loose notion of Life, or 
of Vital Powers, became more nearly an Idea suited to 
the purposes of science. 

3, But we may safely carry this analogy between 
Biology and other sdences somewhat further. We 
have seen, in other sciences, that while men in their 
speculationfl were thus tending towards a certain pecn- 
liar Idea, but before they as yet saw clearly that it was 
peculiar and independent, they natuially and inevit- 
ably clothed their speculations in conceptions borrowed 
from some other extraneous idea. And the UDsatis- 
iiic4«riness of all such attempts, and the necessary con- 
sequtmce of this, a constant alteration and succession 
of such inappropriate hypotheses, were indications and 
aids of the progress which was going on towai'ds a more 
genuine form of the science. For instance, we have 
seen that in chemistry, so long as men refused to re- 
cognize a peculiar and distinct kind of power in the 
A^fflnity which binds together the elements of bodies, 
they framed to themselvea a series of hypotheses, each 
constructed according to the prevalent ideas of the 
time, by which they tried to represent the relation of 
the compound to the ingredients: — fii'st, supposing 
that the elements bestowed upon the whole qu^ities 
ree^mbling their own : — then giving up this supposi- 
tion, and imagining that the properties of the body 
depended upon the shape of the component particles ; 
— then, as their view expanded, assuming that it was 
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not the shape, but the mechanical foreea of the parti- 
cles which gave the body its attributes; — and fioallj 
acquiescing in, or rather reluctantly admitting, the* 
idea of Affinity, conceived as a peculiar power, differ- 
ent not only from material contact, but fixiui any me- 
chanical or dynamical attraction. 

Now we cannot but thint it very natural, if we fiad 
that the history of Biology offers a series of occurrences 
of the same uatura The notions of Life in geaeral, 
or of any Vital Functions or Vital Forces in particular, 
are obviously very loose and vague as they exist in the 
minds of most men. The diacrepancie-s and contro- 
versies respecting the deflnitioua of all such terms, 
which are found in all works on physiology, afford ua 
abundant evidence that these notions are not, at least 
not generally, apprehended with complete clearness 
and steadiness. We shall therefore find approaches 
and advances, intermediate steps, gradually leading 
up to the greatest degree of distinctness which has yet 
been attained. And in those stages of imperfect 
apprehension in which the notions of Life and of Vital 
Powers are still too loose and unformed to be applied 
independently, we may expect to find them supported 
and embodied by means of hypotheses borrowed from 
other subjects, and thus, made so distinct and substan- 
tial as to supply at least a temporary possibility of 
scientific reasoning upon the laws of life. 

4. For example, if we suppose that men begin to 
speculate upon the properties of living things, not 
acknowledging a peculiar Vital Power, but making 
use succeaaively of the knowledge supplied by the study 
of other subjects, we may easily imagine a series of 
hypotheses along which they would pass. 

They would probably, first, in thifl aa in other 
sciences, have their thoughts occupied by vague and 
myatiotd notions in which material and apirittial agency, 
natural and supernatural events, were mixed together 
without disciiniination, and without any clear notion 
at all. But as they acquired a more genuine percep- 
tion, of the nature of knowlege, they would naturally 
ti-y to explain vital motions and processes by means of 
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aneh forces aa they had learnt the existence of from 
other sciences. They might first have a mechanical 
hypothesis, in which the mechanical Forces of the solids 
and fluids which compose organized bodies shotdd be 
ferred to, as the most important influences in the 
process of life. They might then attend to the actions 
which the fluids exercise in virtue of their Affinity, 
and might thus form a chemical theory. When they 
had proved the iasufficionce of these hypotheses, bor- 
rowed from the powers which matter exhibits in other 
ases, they might think themselves authorized to 
Lssume some peculiar power or agency, still material, 
md thus they would have the hypothesJB of a Fital 
Fluid. And if they were driven to reject this, they 
might think that there was no resource but to assume 
in immaterial principle of life, and thus they would 
irrive at the doctrine of an Animal Soul. 

Now, through the cycle of hypotheses which we 
have thus supposed, physiology has actually passed. 
The conclusions to which the moat philosophical minds 
have been led by a survey of this progress is, that by 
the failure of all these theories, men have exhausted 
this path of inquiry, and shown that scientific truth is 
to be sought in some other manner. But before I 
proceed further to illustrate this result, it will be 
proper, as I have already Hta,ted, to exhibit historically 
the various hypotheses which I have described. In 
doing this I 'shall principally follow the History of 
Medicine of Sprengel. It is only by taking for my 
guide a physiologist of acknowledged science and judg- 
ment, that I can hope, on such a subject, to avoid 
errouTB of detail. I proceed now to give in succession 
an account of the Mystical, the latrochemical, the 
latromathematical, and the Vital-Fluid Schools; and 
finally of the Psychical School, who hold the Vital 
Powers to be derived from the Soul {Psychi). 



CHAPTER IL 

SccCESsn'K Biological Hvpothesbs. ] 



Sbct. L — The Myaical Sdiool. 

IN order to abbreviate as mnch as can eoovetamftir 
be done the historical view vbich I have now to 
take, I fihall altogether pass over the phvsiological 
speculations of the ancients, and begin my survey with 
the general revival of licience in modem times. 

We need not dwell long on the &ntaBtical and i 
snbstaQttal doctrines concerning physiology which pre- 
vailed in the Bixteenth century, and which flowed in a 
great measure &om the fertile but ill-regulated imagi- 
nations of the cultivators of Alchemy and Slagic One 
of the prominent doctors of this school is the celebrated 
ForacelsuG, whose doctrines contained a combination. , 
of biblical interpretations, visionary religious notions, 
fanciful analo^es, and bold expeiiments in practical 
medicine. The opinion of a close but myrtici^ resem- 
blance of parts between the universe and the human 
body,— the MacrocosTii and the Microcti»m, — as these 
two things, thus compared, were termed, had probably 
oorae down from the Neoplatoniats; it was adopted by 
the ParaoelaiHts', and connected with various astro- 
logical dreams and cabbalistic riddles. A succession 
of later Faracelsists', Koaicnictans, and other fanatics 
of the same kind, continued into the seventeenth cen- 
tury. Upon their notions was founded the pretension 
of curing wounds by a sympathetic powder, which Sir 
Kenelm Digby, among others, asserted; while animal 
magnetism, and the transfer of diseases from one per- 
son to another', were maintained by others of this 
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school. They held, k>o, the doctrines of astral bodies 
corresponding to each terrestrial body; and of the sig- 
naturea ofrplanta, that is, certain featui'es in their ex- 
ternal form hy -which their virtues might be known. 
How little advantage or progress real physiology could 
derive fiwm speculations of this kind may be seen froni 
this, that their tendency was to obliterate the diatinc- 
tion between living and lifeless things : according to 
Paracelsus, all things are alive, eat, drink, and excrete ; 
even minerals and fluids'. According to him and his 
school, besides material and immaterial beings, there 
are efom««(»ry.S^iWtewhich hold an intermediate place, 
SybMM, Nymphs, Cfnomee, Salamanders, ic. by whose 
agency various processes of enchantment may be 
achieved, and things apparently supernatural explained. 
Thus this apirituatiat scheme dealt with a world of its 
own by means of fenciful inventions and mystical vi- 
sions, instead of making any step in the study of nature. 

Perhaps, however, one of the most fantastical of the 
inventions of Faraoelsus may be considered as indicat- 
ing a perception of a peculiar character in the vital 
powers. According to him, the business of digration 
is performed by a certain demon whom he calls Ar- 
okcBits, who has his abode in the stomach, and who, by 
means of his alchemical processes, separates the nutri- 
tive from the harmful part of our food, and makes it 
capable of assimilation*. This fiuiciful notion was 
afterwards adopted and expanded by Van Helmont". 
According to him the stomach and spleen are both 
under the direction of this Master-spirit, and these 
two organs form a sort of Duumvirate in the body. 

But thoiigh we may see in such writers occasional 
gleams of physiological thought, the absence xtf definite 
physical relations in the speculations thus promul- 
gated was necessarily intolerable to men of sound 
understanding and scientific tendencies. Such men 
naturally took hold of that part of the phenomena of 
life which could be most distinctly conceived, and 

• Spr. LIL 4jB. y«iK. Dt Viio. iicnim ft'alurolium, p. 8&). 
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vUch could be apparently ezplamed by means of tWI 
Kcieaces then cultivated; and this 'was tlie part trhich 1 
appeared to be reducible to chemical conceptions and I 
doctrines. It will readily be supposed that the pro- I 
cesses of chemistry have a considerable bearing upon I 
physiological processes, and might, till their range '9 
limited by a sound investigation, be supposed to ha,ve I 
still more thim they really had; and thus a Physiology 
was formed which depended mainly upon Chemistry, 
and the school which held this doctrine has been called j 
the lalroQhsmicai School 



Sect. II. — TIte lalrocliemical Sclwol. 

That all physical properties, and therefore chemical 
relations, have a material influence on physiological 
remilts, was already recognized, though dimly, in the 
Cialeoic doctrine of the 'four elementary qualities.' 
But at the time of Paracelsus, chemical action was 
m.ore distinctly than before separated &om other kinds 
of physicttl action; and therefore a physiological doctrine, 
founded upon chemistry, and freed &om the esrtravar 
gance and mysticiem of the Paracelsists, was a very 
promifling path of speculation. Andrew Libavius' of 
Halle, in Saxony, Physician and Teacher in the Qym- 
naainm at Koberg, is pointed out by Sprengel as the ' 
person who began to cultivate chemistry, as distil 
inaa the theosophic fantasies of his predecessors; a 
Angelus Sala of Vienna', as hia successor. The lati 
has the laudable distinction of having rejected the pre- 
valent conceits about a potable gold, a universal medi- 
cine, and the like'. In Germany already at the b^in- 
ning of the seventeenth century a peculiar chair of 
Chymia^ria was already created at Marpurg ; and 
many in various places pursued the same studies, till, 
in the middle of the seventeenth century, we come to 
Lemery", the principal reformer of pharmaceutical 
chemistiy. But we are not here so much concerned 
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with the practical as with the theoretical parts of 
latrochemistiyj and hence we pass on to Bylvius" and 
hia ^stenu 

The opisiOD that chemistry had an important bear- 
ing upon physiology did not, however, begin with Syl- 
vius. Faracelaus, among his extravagant abam-ditiee, 
did some service to medicine by drawing attention to 
this important truth. He used" chemical principlea 
for the explanation of particular diseases ; most or all 
diseases according to him, arise from the effei-vescence 
of salts, &om the combustion of sulphur, or &om the 
coagulatJon of mercury. Hia medioincB were chemical 
preparations; and it was" an undeniable advantage of 
the Faracelsiau doctrine that chemistry thus became 
indispensable to the physician. We still retahi a rem- 
nant of the chemical nomenclature of Paracelsus in the 
term tariar, denoting the stony concretion which forms 
on the teeth'*. According to him. there is a certain 
substance, the basis of all diseases which arise from a 
thickening of the juices and a collection of earthy 
matter; and thin substance he calls Tartama, because 
it 'bums lite the fire of hell.' Helmont, the successor 
of Paracelsus in many absurdities, ^o followed him in 
the attempt to give a chemical account, however loose 
and wild, of the functions of the human body; and is 
by Sprengel considered, with all his extravagancies, as 
a meritorious and important discoverer. The notion 
of the fermentation of fluids", and of the aerial pro- 
duct thence resulting, to which he gave the name of 
Gag, forma an important paii) of his doctrines ; and of 
the six digestions which he assiunes, the Jirst prejmres 
an acid, which is neutralized by the gall when it 
reaches the duodenum, and this constitutes the second 
digestion. 

I have already, in the History of Chemistry '", stated, 
that the doctrine of the opposition of acid and alkali, 
the great step which theoretical chemistry owes to 
Sylvius, was first brought into view as a physiological 




TBtwmrnr of biology. 



tenet, oltfaoagh we bad then to trace 
in snother iwience. The expluiation of aU die finio- 
tions of the animal system, both healthy aad mcvlud, 
by means of this and other chemical doctrines, and tlie 
prescriptimi of methods of core founded npon snclt ex- 
planations, form the scheme of the iatrodienueal school ; 
A school which almort engroaaed the &vonr of Eon^ieao 
' phyuciana during the gr«3tcr part of the serenteeBUt 
oentnry. 

Sylvinii tatight medidne at Leyden, from the year 
1658, with BO mDch Bucceas, that BoerhaaTe alone snr- 
pBAsed bim". His notions, altboogh he piqued hiiU' 
Helf on their originality, were matirfestly suggested in 
no small d^ree (as all such supposed novelties are) by 
the specMlatioiid of his predeceswra, and the spirit of 
the times. Like Helmont", he considers digestion aa 
consisting in a fermentation ; but he states it more 
definitely aa the effervescence of an acid, supplied by 
the HslivB and the pancreatic juice, with the alliali of 
the gall. By various other hypothetical processes, all 
of a chemical nature, the blood becomes a coUection of 
various juicett, which are the subjects of the specula- 
tioDH of the iatrochemiata, to the entire neglect of the 
solid pariA of the body. Diseases were accounted for 
by a supposed prevalence of one or the other of the 
acrid principles, the acid or the alkaline: and Sylvius" 
was bold enough to found upon these hypotheses prac- 
tjcal metliods of cure, which were in the highest 
degree mischievous. 

The Sylvian doctrine was often combined with some 
of the notions of the Cartesian ^9t«m of philosophy; 
but this mixture I shall not notice, since my present 
object is to trace the history of a mere chemical 
physiology as one of the unsuccessful attempts at a 
philosophy of life. With various modifications, this 
doctrine was diffused over Europe. It gave rise to 
several controversies, which turned upon the questions 
of the novelty of the doctrine, and the use of chemical 
remedies to which it pointed, aa well aa upon its theo- 
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reticol trutL. We need not dwell long upon these 
controveraiea, although they ■were carried oa with no 
amaU vehemence in their time. Thus the school of 
Paris opposed aU innovation, remained true to the 
Galenic dogmatism, and declared itself earnestly against 
all combination of chemistry with medicine; and even 
agaiiist the chemical preparation of medicaments. 
Guy Patin, a celebrated and learned pi-ofessor of that 
day, declares"" that the chemists are no better than 
forgers, and ought to be punished as such. The use 
of antimonial medicines was a main point of dispute 
between the iatrochemists and their opponents ; Patin 
maintained that more men had been destroyed by 
antimony than by the thirty years' war of Germany ; 
and endeavoured to substantiate this assertion by col- 
lecting all such cases in his Martyroloffiujn Antwnonii. 
It must have been a severe blow to Patin when" in 
1 665, the Doctors of the Faculty of Paris, assembled 
by command of the parliament, declared, by a majority 
of ninety-two voices, that the use of antimonial medi- 
cinea was allowable and laudable, and when all at- 
tempts to set aside this decision Mled. 

riorentius Sohuyl of Leyden sought to recommend 
the iatrochemical doctrines, by maintaining that they 
were to be found in the Hippocratic writings; nor 
was it difficult to give a chemical interpretation of the 
hum.oral pathology of the ancients. The Italian" phy- 
sicians also, for the most pail), took this line, and 
attempted to show the agreement of the principles of 
the ancient school of medicine with the new chemical 
notions. This, indeed, is the usual manner in which 
the diffusion of new theoretical ideas becomes uni- 

The progress of the chemical school of medicine in 
England"" requires our more especial notice. Willis 
was the most celebrated champion of this sect. He 
assumed, but with modifications of his own, the three 
Paracelsian principles. Salt, Sulphur, and Mercury; 
estion as the effect of an acid, and ex- 
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plained other parts of the animal economy by diatSSlA- 
tion, fermentation, and the like. All diseasea arise 
firom tbe want of the requisite _/er7W#™(,- and the physi- 
cian, he says", may be compfu«d to a vintner, aince 
both the one and the other have to take care that &e 
necessary fermentatjona go on, that no foreign matter 
mixefl itself with the wine of life, to intermpt (» d»]B 
range tiiose operations. In the middle of the sert 
t^enth centuiy, medicine had reached a point in %rhi 
the life of the animal body was considered as meruit 
chemical process; the wiah to explain everything t 
known principles left no recognized difference beti 
organized and unorganized bodiea, and diseases ' 
treated according to this delusive notion. The cc 
tion of chemistry itself during this period, though. no6| 
one of brilliant progress, was sufficiently stable andM 
flourishing to give a plausibility to any speculation ■ 
which WHS founded on chemical principles; and ^le j 
real influence of these principles in the animal frajna | 
could not be denied. 

The iatrochemists were at firat resisted, as we have | 
seen, by the adherents of the ancient schools; ther 1 
were attacked on various grounds, and finally deposed 
&om their ascendancy by another sect, which we hava 
to speak of, as the iatromathematical, or mechanical 
school. This sect was no less unsatiaiaetory and taro- 
neous in its positive doctrines than the chemists had 
been ; for the animal frame is no more a mere nu- 
chine than a mere laboratory: but it promoted tlte 
cause of trath, by detecting and exposing the insuffici- 
ent explanations and unproved assertions of the reign- 
ing theory. 

BoyJo was one of the persons who first raised doubts 
against the current chemical doctrines of his time, aa 
we have elsewhere noted ; but his objections had no 
peculiar physiological imporL Herman Conring", the 
most learned physician of his time, a contemporaiy 
with Sylvius, took a view more pertinent to our pre- 
sent object; for he not only rejected the alchemical 
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and hennetical medicinea, but taught espresaly that 
chemistry, in ita then esiating condition, was better 
fitted to be of uae in the practice of pharmacy, than in 
the theories of physiology and pathology. He mode the 
important assertion, also, that chemical principles do 
not pre-esdat as such in the animal body; and that 
there sire higher powers which operate in the organic 
world, and which do not depend on the form and mix- 
ture of matter. 

Attempts were made to prove the acid and alkaline 
nature of the fluids of the human body by means of 
experiments, as by John Viridet of Geneva", and by 
Kaimond Vieussens", the latter of whom maintained 
that he had extracted an acid from the blood, and de- 
tected a ferment in the stomach. In opposition to him, 
Hecqnet, a disciple of the iatromathematical school, 
endeavoured to prope that digestion was performed, not 
by meana of fermentation, but by trituration. Hec- 
quet's own opiniont) cannot be defended; but his objec- 
tions to the chemical doctrines, and his assertion of 
the diflerence of chemical and orgauical processes, are 
evidences of just thought". 

The most important opponents of the iatrochemical 
school were Pitcaim in England, Eohn and Hoffman 
in Germany, and Boerhaave in Holland. These emi- 
nent physicians, about the end of the seventeenth 
century, at^ed on the same grounds of observation, 
that digestion is not fermentation, and that the Sylvian 
accounts of the origin of diseases by means of acid and 
alkali are false. The arguments and authority of these 
and other persons finally gained an ascendancy in the 
medical world, and soon after this period we may con- 
sider the reign of the chemical school of physiology as 
past. In feet, the attempts to prove its assertions ex- 
perimentally were of the feeblest kind, and it had no 
solid basis on which it could rest, so as to resist the 
shock of the next hypothesis which the progress of 
the physical sciences might impel against it We 
may, therefore, now conaider the opinion of the mere 

" spr. li-. 3)9. " in. 350, (IT'S). " «. 401. 



182 PHILOBOPHT OF BIOLOGY. 

demical natore of the Tita] processes as disprove)}, 
and we proceed next to notice the history of aooiber 
iinBacf^sfiil emay to reduce vital actions to known 
actions of another kind. I 



Sect, IIL — The Iatromathemaiie<d S<AooL 

In the first Section of this chapter, we enumerated 
the biological hypotheses which at first present tbaa- 
gelveii, as the mystical, the mechanical, the chemicaL 
We might have ezj^iected that they should occur to 
men's minds in the order thus stated : and in &ct tluy 
did bo; for the physiology of the ancient materi^iste^ 
lis Democritns and Lucretius, is mechanical so bi as it 
is at all distinct in its views, and thus the mechanical 
preceded the chemical doctrine. But in modem times, 
the fluid or chemical physiology was developed before 
the solid or mechanical : of which the reason appears 
to have been this; — that Mechanics and Chemistry 
began to ajwume a scientific character about the same 
time; and that of the two, Chemistry not only ap- 
peared at first sight more applicable to the fonctiona 
of the body, because all the more rapid changes appear: 
to be connecte<l with modifications of the fluids of the 
animal system, but also, by its wider range of Eacta 
and more indefinite principles, afibrded a better tem- 
porary refuge for the mind when perplexed by the 
difiScultiee and mysteries which spring out of the spe- 
culations concerning life. But If Chemistry waa thus 
at first a more inviting field for the physiologist, Me- 
chanics soon became more attractive in virtue of the 
splendid results obtained by the schools of GalUeo and 
Newton. And when the insufficiency of chemical 
physiology was discovered by trial, as we have seen it 
was, the hope naturally arose, that the mechanical 
principles which had explained so many of the pheno- 
mena of the external universe might also be found 
applicable to the smaller world of material life ; — that 
the microcosm as well as the macroeoBm might have 
its THm-liBnical principles. From this hope qirung the 
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latroroathenmtical School, or scliool of Mocliauiciil 
Pliysiolc^ists. 

We may, LoweTcr, divide tLis school into two ]iart3, 
the Italian, and the Cartesio-Newtonian sect. The 
former employed themselves in calculating and analys- 
ing a number of the properties of the animal frame 
which are undoubtedly mechanical; the latter, some- 
what intoxicated by the supposed triumphs of the 
corpuscular philosophy, endeavoured to extend tliese 
to physiology, and for this purpose introduced into the 
subject many arbitrary and Itaseless hypotheses. I will 
very briefly mention some of the writers of both these 
seota. 

The main points to which the Italian or genuine 
Mechanical Physiologists attended, were the applica- 
tion of mechanical calculations to the force of the 
muscles, and of hydraulical reasonings to the motion 
of the fluids of the animal system. The success with 
which Galileo and his discipiss had pui'sued these 
branches of mechanical philosophy, and the ascendancy 
which they had obtained, first in Italy, and then in 
other lands, made such speculations highly interesting. 
BoreUi may be considered as the first great name in 
his line, and his book, De Motu Animalvwm, {Opus 
Poetkumum, Romee, 1680,) is even now a very instmc- 
tive treatise on the forces and action of the bones and 
muscles. This, certainly one of the most valuable 
portionfl of mechanical physiology, has not even yet 
been so iiilly developed as it deserves, although John 
Bernoulli" and hia son Daniel" applied to it the 
resources of analysis, and Pembei-ton^' in En^and, 
pursued the same subject. Other of these mechauico- 
phyaiological problems consisted in referring the pres- 
sure of the blood and of the breath to hydroatatical 
principles. In this manner Borelli was led to aasert 
that the muscles of the heart exert a force of 180,000 
[jounds^'. But a little later, Keiil reduced this force 
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to a flew ounces". Keill and others attempted to 
determine, on idmilar principles, the velocity of Uie 
blood ; we need not notice the controversies which thus 
aroae, since there is not involved in them any pecoliar 
pbydological principle. 

The peculiar character of the iatromatheniatical 
.school, aa an attempt at phyaiologipal theory, is more 
manifesl tn itd other Rection, wluch we have called the 
Cartesio-Newtonian. The Cartesian syateni pretended 
to account for the appearances and changes of bodies 
by means of the size, figure, and motion of their minute 
particles. And though this system in its progress to- 
wards the intellectual empire of Europe was suddenly 
overturned by the rise of the Newtonian philosophy, 
these corpuscular doctrines rather gained than lost by 
the revolution; for the ^Newtonian philosophy enlarged 
the powers of the corpuscular hypothesds, by adding 
the effects of the attractive and 'repulsive forces of 
particles to those of tbeir form and motion. By this 
means, although Newton's discoveries did not in iact 
augment the probability of the corpuscular hypothesis, 
they BO far increased its plausibility, that this hypo- 
thesis found favour both with Newton himself and his 
contemporaries, no less than it had done with the 
Cartesians. 

The attempt to apply this corpuscular hypothesis to 
physiology was made by Dea Cartes himself. The 
general character of sudi speculations may easily be 
gneased". The secretions are effected by the organs 
opei'ating afler the manner of sieves. Bound particles 
pass through tylindricai tubes, pyramidal ones through 
triangular pores, cubical particles through square aper- 
tures, and thus different kinds of matter are separated. 
Similar speculations were pursued by other mathema- 
ticians: the various diameter of the vessels", their 
curvatures, folds, and angles, were made subjects of 
calculation. Bellini, Donzellini, Oulielmini, in Italy ; 
Perraidt, Dodart, in France; Cole, Keill, Jurin, in 
England, were the principal cultivators of such studies. 
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In the earlier part of tLe eighteenth century, physdo- 
logical theoriata considered it oe aJmost self-evident 
that their science required them to reason concerning 
the size and shape of the particles of the fluids, the 
diameter and form of the invisible veesels. Such was, 
for instance, the opinion of Cheyne", who held that 
aeute fevers arise from the ohatruction of the glands, 
which occasions a more vehement motion of the blood. 
Mead, the physician of the King, and the friend of 
Newton, in like manner explained the effects of poisons 
by hypotheses concerning the form of their particles", 
Bs we have already seen in speaJdng of chemistry. 

It is not necessary for us to dvpell longer on this 
subject, or to point out the total insufficiency of the 
mere mechanical physiology. The iatrochemists had 
n^lected the effect of the solids of the living frame; 
the iaCromathematicians attended only to these™. And 
even these were considered only as canals, as cords, as 
levers, as lifeless machines. These reaaoners never 
looked for any powers of a higher order than the cohe- 
sion, the resistance, the gravity, the attraction, wliich 
operate in inert matter. If the chemical school assi~ 
milated the physician to a vintner or brewer, the 
mechanical physiologists made him an hydraulic engi- 
neer; and, in iaot, several of the iatromathematicians 
were at the same time teachers of engineering and of 
medicinft 

Several of the reaaonera of this school combined che- 
mical with their mechanical principles; but it would 
tiirow no additional light upon the subject to give any 
account of these, and 1 shall tlierefore go on to speak 
of the next form of the attempt to explain the pro- 
cesses of life. 



Sect. IV.—T/te Vital-Fluid A'tAoo?. 

I apeak here, not of that opinion wliich assumes 
ome kind of fluid or ether as the meani 
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cation Eilong the nervet in particular, but of the hypo- 
theetH that all the peculiar Ainctiom of lifs depend . 
upon some subtile ethereal aubetjince diffused through ' 
the friime; — not of a Nervom Fluid, but of a Vital 
Fluid. Again, I distinguish this opinion froio the 
doctrine of an imTtiaterinl vital power or principle, an 
Animal Soul, which will be the subject of the next 
Section: nor is thia distinction insignificant; for a | 
material element, however subtile, however much spirit- 
ualized, must still act everywhere according to tha 
same laws; whereas we do not conceive an immaterial 
spirit or soul to be subject to this necessity. 

The iiitromathematical school could explain to their 
own satisfaction how motions, once begun, were trans- 
ferred and modified ; but in many organs of the living 
fi:ame there seemed to be a power of .beginning motion, 
which is beyond all mere mechanical action. This led 
to the assumption of a Principle of a higher kind, 
though still material. Such a Piinciple was asserted 
by Frederick Hoffmann, who was bom at Halle, in 
1 660", and became Professor of Medicine at the newly 
established University there in 1694, According to 
him", the reason of the greater activity of organized 
bodies lies in the influence of a material substance of 
extreme aubtilty, volatility, and enei^. This is, he 
holds, no other than the Ether, which, difluaed through 
all nature, produces in plants the bud, the secretion 
and motion of the juices, and is separated from the 
blood and lodged in the brain of animals*'. From this, 
acting through the nerves, must be derived all the 
actions of the organs in the animal frame; for when 
the influence of the nci-ve upon the muscle ceases, 
muscular motion ceases also. 

The mode of opei-ation of this vital fluid was, how- 
evei', by no means steadUy apprehended by Hoffmann 
and Ids followers. Its operations are so far mecha- 
nical" that all effects are reduced to motion, yet they 
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cannot be explained according to known mechanical 
laws. At one time the effects are said to take place 
according to laws of a Higher Mechanica which are 
Btill to be diacorered". At another time, in complete 
contradiction of the general spirit of the system, meta- 
physical conceptioaa are introdnoed : each particle of 
the vital fluid is said to have a determined idea of tie 
whole mechanism and organism", and according to this, 
it forms the body and preserves it by its motion. By 
means of this fluid the soul operates upon the body, 
and the instincts and the passions have their source 
in this material Bensitive soul. This attribution of 
ideas to the particles of the fluid is less ncaccountable 
when we recollect that something of the same kind is 
admitted into Leibnitz's system, whose Monads have 
also ideas. ' 

Notwithstanding its inconsistencies, Hoffmann's 
system was received with very general favour both in 
Germany and in the rest of Europe; the more so, in- 
asmuch as it fell in very well with the philosophy both 
of Leibnitz and of Newton. The Newtonians were 
generally inclined to identify the Vita! Fluid with the 
Ether, of which their master was so strongly disposed 
to assume the existence : and indeed he himself sug- 
gested this identiflcatiou. 

When the discoveries made respecting Electricity in 
the course of the eighteenth century had familiarized 
men with the notion of a pervading subtile agent, 
invisible, intangible, yet producing very powerful 
effects in every part of nature, physiologists also 
caught at the su^astion of such an agent, and tried, 
by borrowing or imitating it, to aid the imperfection 
of their notions of the vital powers. The Vital Prin- 
ciple" was imagined to be a substance of the same 
kind, by some to be the same substance, with the 
Electric Fluid. By its agency aJl these processes in 
organized bodies were accounted for which cannot be 
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explained by mechanical or chemical lairs, as the se- 
cretion of various matters (tears, milk, bile, Ac.) from 
an homogeneous fluid, the blood; the prodaction df 
animal heat, digestion, and the like. According to 
John Hunter, this attenuated substance pervaded the 
blood itself, as weU as the solid organic frame; and the 
changes which take place in the blood wliich has 
flowed out of the veins into a basin are explained by 
saying that it is, for a time, till this vital fluid evapo- 
rates, truly alive. 

The notion of a Vital Fluid appears alsw to be 
&vourably looted upon by Cuvier ; although with him 
this doctrine is mainly put forwards in the form of a 
Nervous Fluid. Yet in the following passage he ex- 
tends the operation of each an agent to all the vital 
fiinctionB*"; 'We have only "to suppose that all the 
medullary and nervous parts produce the Nervous 
Agent, and that they alone conduct it; that is, that it 
can only be transmitted by them, and that it Is changed 
or consumed by their actions. Then everything appears 
simple. A detached portion of muscle preserves for 
some time its irritability, on account of the portion of 
nerve which always adheres to it. The sensibility and 
the irritability reciprocally exhaust each other by their 
exercise, because they change or consume the same 
agent. All the intmor motions of digestion, secre- 
tion, excretion, participate in this exhaustion, or may 
produce it. All local excitation of the nerves brings 
thither more blood by augmenting the irritability of 
the ari^eries, and the afilux of blood augments the 
real sensibility by augmenting the production of the 
nervous agent. Hence the pleasures of titillationii, 
the pains of inflammation. The particular sensatione 
increase in the same manner and by the same cauaes; 
and the imagination exercises, (stiO by means of the 
nerves,) upon the internal fibres of the arteries or 
other ]>arts, and through them on the sensations, an 
action analogous to that of the will upon the voluntary 
motions. Aa each exterior sense is exclusively dispoa^ 
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to admit the substances which it is to perceive, so each 
interior organ, secretory or other, ia abo more excita^ 
ble hy HOme one agent than by B.nother : and he&ce 
arises what hae been called the proper aene^nlUy or 
proper life of the organg; and the influence of specifics 
which, introduced into the general circulation, affect 
only ceiiiain parts. lu fine, ijf the nervous agent can- 
not become sensible to us, the reason is that all sensa- 
tion requires that this f^ent should be altered in some 
way or other; and it cannot alter itsel£ 

' Such is the summary idea which we may at present 
form of the mutual and general working of the vital 
powers in animals.' 

Againrt the doctrine of & Vital Fluid an one uniform 
material agent pervading the organic frame, an argu- 
ment has been stated which points out extremely well 
the philosophical objection to such an hypothesis*'. If 
the Vital Principle be the same in all parts of tKe 
body, how does it happen, it is aaked, that the secre- 
tions are so different! How do the particles iu the 
blood, separated from their old compounds and united 
into new ones, under the same influence, give origin 
to all the different fluids which are produced by the 
glaudsl The liver secretes bile, the lacrymal glaud, 
tears, and so on. Is the Vital Principle different in 
all these organs) To assert this, is to multiply nomi- 
nal principles without limit, and withoiit any advance 
in the explanation of facts. Is the Vital Pi-inciple the 
same, but its operation modified by the stmcture of 
the orgsnl We have then two unlcnown causes, the 
Vital Principle and the Organic Structure, to account 
for the effect. By such a multiplication of hypotheses 
nothing ia gained. We may as well say at once, that 
the structure of the organ, acting by laws yet unknown, 
is the cause of the peculiar secretion. It ia as easy to 
imagine this structure acting to produce the whole 
effect, as it is to imagine it modifying the activity of 
another agent. Thus the hypothesis of the Vital Fluid 
in this form explains nothing, and does not in any 

" Pricbunl, Oa n Vital PiiKifitr, p. 98. 
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way help onwards the progress of real biological know- 

The hypothesna of aB immaterial vital principle must 
now be considered. 

Sect. Y.—The Psychwal ScJtool. 

The doctrine of nn Animal Soul as the pi'iiiciple 
which makes the operattonB of organic different from 
those of inorganic matter, is quite distinct from, and 
we may say independent of, the doctrine of the soul as 
the intelligent, moral, responsible part of man's nature. 
It is the former doctrine alone of which we have here 
to speak, and those who thus hold the existence of an 
immaterial agent as the cause of the phenomena of 
life, I terra the Psychical School. 

Such a view of the constitution of living things is 
very ancient. For instMice, Aristotle's Treatise ' On 
the Sold,' goes entirely upon the supposition that the 
Soul is the cause of motion, and he arrives at the con- 
clusion that there are different parts in the Soul ; the 
nwiWiiiw or vegetative, the aensiiive, and the ratumal'". 

But this doctrine is more instructive to ue, when it 
appears as the antagonist of other opinions concerning 
the nature of life. In this form it comes before us na 
promulgated by Stahl, whom we have already noticed 
as one of the great discoverers in chemistry. Bom in 
the same year as Hoffmann, and appointed at hia sug- 
gestion professor at the same time in the same new 
univeraity of Halle, he soon pubhshed a rival phyao- 
logical theory. In a letter to Lucas Schriksk, the pre- 
sident of tlie Academy of Naturalists, he describes the 
manner in which he was led to form a system for him- 
self". Educated in the tenets of Sylvius and Willis, 
according to which all diseases are derived from the 
acidity of the fluids, Stahl, when a young student, 
often wondered how these fluids, so liable to be pol- 
luted and corrupted, are so wonderfully preserved 
through innumerable external influences, and seem to 

*» Arist. Hipl ♦vxm. tU t ■" Spr. T. 303. 
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be far less affected by these than by age, constitution, 
passion. No material cause could, he thought, pro- 
duce such effects. No attention to mechanism or che- 
niKtry alone could teach ua the true nature and laws 
of organization. 

So fer as Stahl recognized the influence, in living 
bodies, of something beyond the range of mechanics 
and chemistry, there can be no doubt of the sound 
philosophy of his views; but when he proceeds to 
found a positive Hysteni of physiology, his tenets be- 
come more precarious. The basis of hia theory is this*" ; 
the body has, as body, no power to move itself and 
must always be put in motion by immaterial sub- 
stances. Al] motion is a spiritual act". The source 
of all activity in the organic body, from which ita pre- 
servation, the permanency of its composition, and all 
its other Amctions proceed, is an immaterial being, 
which Stahl calls the Soul; because, as he says, when 
the effects are so similar, he wUl not multiply powers 
without necessity. Of this principle, he says, aa the 
Hippocratiana said of Nature, that 'it does without 
teaching what it ought to do'V and does it 'without 
consideration".' These ancient tenets Stahl interprets 
iu such a manner that even the involuntary motions 
proceed from the soul, though without reflection or 
clear consciousness. It is indeed evident, that there 
are many cuatomaiy motions and sensations which are 
perfectly rational, yet not the objects of distinct con- 
sciousness ; and thus instinctive motions, and those of 
which we are quite unconscious, may still be connected 
with reason. The questions which in this view offer 
themselves, as, how lie soul passes from the mother to 
the child, he dismisses as unprofitable". He eonaiders 
nutrition and secretion as the work of the soul. The 
corpuscular theory and the doctrine of animal spirits 
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are, lie riglitly observes, mere typotheaes, which, arsi 
arbitmry in their chaTacter, and only shift the difficulty, j 
For, if tie animal spirits are not matter, how.can they m 
explain the action of an immateiial subutance on the 1 
body ; and if they are matter, how are they themselves ■ 
acted on ? * 

This doctrine of tlie action of the soul on the bodyj 
was accepted by many persons, especially by the iatro- 
mathematdcians, who could not but feel the insuffi- 
ciency of their system without some such supplement: 
such were Cheyne ajid Mead. In Germany, Stahl's 
disciples in physiology were for the moat part incon- 
siderable persons". Several Englishmen who specu- 
lated concerning the metaphysics as well as the phy- 
siology of Sensation and Motion, inclined to this 
ptrychical view, as Porterfield and Whytt. Among the 
French, Boissier de Sauvt^es was the most zealous 
defender of the Stahlian syBteni. Actions, he aaya", 
which belong to the preservation of life are determined 
by a moral not a mechanical necessity. They proceed 
from the soul, but cannot be controlled by it, aa tha 
starting from fear, or the trembling at danger. Unser, 
a physician at Altona", was also a philosophical Stah- 
lian^". 

We need not dwell on the opposition which, ■was 
offered to this theory, first by Hoffmann, and aAei^ | 
wards by HaJler. The former of these had promol- 
gated, as we have seen, the rival theory of a Nervous 
Fluid, the latter was the principal aaserter of tlie doo- 
trine of Irritability, an important theory on which we 
may afterwards have to touch, nailer's animosity 
against the Stahlian hypothesis is a remarkable feature 
in one who is in general so tolerant in his judgment 
of opinions. Hia arguments are taken from the ab- 
sence of the control of the will over the vital actiom^ 
from the want of consciousness accompanying these < 
actions, from the uniformiliy of them in different o 
ditions of the mind, itnd frxim the small sensibility of I 
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the heart which is the source of the vital actions. 
These objections, and the too decided distinction 
which HaOer made between voluntaj-y and involuntary 
muscles, were very satiafectorily answered liy Whytt 
and Platner. In particular it was urged that the in- 
stinctive actions of brutes are inexplicable by means of 
mechanism, and may he compared with the necessary 
vital actions of the human body. Neither kind are 
accidental, neither kind are voluntaiy, both are per- 
formed without reflection. 

Without tracingfurther the pi-ogresa of the Psychical 
Doctrine, I shaU borrow a few reflectiooa upon it firon 
Sprengel™: — 

'When the opponents of the Stahlian system repeat 
incessantly that the assumption of a psychical cause in 
corporeal effects is a metaphysical speculation which 
does not belong to medicine, they fadk to no purpose. 
The states of the soul are objects of our internal expe- 
rience, and interest the physician too nearly to allow 
him to neglect them. The innumerable unconscious 
efforts of the soul, the powerful ajid daily effects of the 
passions upon the body, too often put to confusion 
those who would expel into the region of metaphysics 
the dispositions of the mind. The connexion of our 
knowledge of the sonl, as gathered from experience, 
with our knowledge of the human body, is far closer 
than the mechanical and chemica] physiologists sus- 

'The strongest objection against the psychical sys- 
tem, and one which has never been sufficiency answered 
by any of ita advocates, ia the universaHty of oi^auic 
effects in the vegetable kingdom. The comparison of 
the physiology of plants with the physiology of animals 
puts the latter in its true hght. Without absolutely 
trifling with the word aovi, we cannot possibly derive 
from a soul the organic operations of vegetables. But 
just as little can we, as some Stahlians have done, draw 
a sharp line between plants and animals, and ascribe 
the processes of the former to mere mechanism, while 
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we derive the operfttions of the latter from an intellec- 
tuB.1 principle. Not to mention that such a line ia not 
poBBible, the rifle of the sap and the alteration of the 
fiuida of plants cannot be derived entirely &om mate- J 
rial catiseB as their highest origin.' I 

ThuB, I may add, this psychical theory, however diffi-*^ 
cult to defend in its detail, does in its generalitiefl 
expresB some imporijuit truths respecting the vital 
powers. It not only, like the last theoiy, gives unity 
to the living body, but it marks, more clearly than any 
other theory, the wide interval which separates mecha- 
nical and chemical from vital action, and fixes our 
attention upon the new powers which the considera- 
tion of life compels us to aasuma It not only reminda 
us that these powers are elevated above the known 
laws of the material world, but also that they ax9 
closely connected with the world of thought and feel- 
ing, of will and reason ; and thus it carries us, in a 
manner in which none of the preceding theories have 
done, to a true conception of a living, conscious, sen- 
tient, active individual. 

At the same time we cannot but allow that the life 
of plants and of the lower orders of animals shows us 
very clearly that, in order to arrive at any sound and 
consistent knowledge respecting life, we must form 
some conception of it from which all the higher attri- 
butes which the term ' soul' involves, are utterly and 
careftdly excluded; and therefore we cannot but come 
to the conclusion that the psychical school are right 
mainly in this ; that in ascribing the fimctions of life 
to a soul, they mark strongly and justly the imposm- 
bility of ascribing them to any known attributes of J 



CHAPTER III. 

Attempts to analyse the Idea of Life, 



1. Defmiiione of Life. — We have seen in the pre- 
ceding chapter that all attempts to obtain a distinct 
conception of the nature of Life in genera! have ended 
in faolure, and produced Dothing beyond a negative 
result. And the conjecture may now naturally occur, 
that the cause of this failure resides in an erroneous 
mode of propounding to ourselves the problem. Instead 
of contemplating Lite as a single Idea, it may perhaps 
be proper to separate it into several component no- 
tions; instead of seeking for one cause of ^ vital 
operations, it may be well to look at the separate vital 
functions, and to seek their causes. When the view of 
this possibility opens upon us, how shaU we endeavour 
to verify it, and to take advantage of it 1 

Let us, as one obvious course, take some of the 
attempts which have been made to define Life, and let 
us see whether tbey appear to offer to us any analysis 
of the idea iuto component parts. Such definitions, 
when they proceed from men of philosophical minds, 
are the ultimate result of a long course of thought and 
obsei^ation; and by no means deserve to bo slighted 
as arbitrary selections of conditions, or empty forms 
of words. 

2. Life has been defined by Stahl', "The condi- 
tion by which a body resists a natural tendency to 
chemical changes, such as putrefaction.' In like man- 
ner, M. von Humboldt' defines living bodies to be 
' those which, notwithstanding the constant operation 
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of causes teoding to change their form, are Hndered'J 
by ft certain inward power &«ni undergoing Buobfl 
change.' The first of these definitions amounts only to J 
the assertion, that vital processes are not chemical; ft I 
negative result, which we may accept as true, butl 
which is, as we hare seen, a barren truth. The second I 
appears to be, in its import, identical with the firsttS 
An inward principle can only be understood as diBtin-T 
guished iram known external powers, such aa mecha- a 
nical and chemical ogenciea. Or if, by an internal I 
principle, we mean such a principle aa that of whicli ' 
we are conscious within ourselves, we ascribe a soul 
to all living things: an hypothesis which wo have si 
is not more effective than the former in promoting the 
progress of biological science. Nearly the same criti- 
cism applies to such definitions as that of Eaut : that 
' Idfe is an internal faculty producing change, motion, 
and action.' 

Other definitions refer ua, not to some property 
residing in the whole of an organized mass, but to the * 
connexion and relation of its parts. Thus M. von 
Humboldt' has given another delinition of a living 
body : that ' it is a whole whose parts, arbitrarily sepa- 
rated, no longer resist chemical changes.' But this 
additional aaaertion concerning the parts, adds nothijlg 
of any value to the definition of the whole. And in. 
some of the lower kinds of plants and animals it ia 
hardly true as a fact. 

3. Another definition* places the character of Life , 
in 'motions serviceable to the body moved.' To this it 
has been objected', that, on this definition, the earth 
and the planets are living bodies. Perhaps it would 
be more philosophical to object to the introduction of 
BO loose a notion aa that of a property being servieeabU 
to a body. We might also add, that if we speak of all 
vital functions as motions, we make an asaumption quite 
unauthorized, and probably false. 
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* Irevinnoa, BbAo^i, p. 41. 
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OtLer defimtiona refer the idea of Life to the idea of 
Organization. ' Life is the activity of .matter according 
to laws of orgooizfttion.".' We are then naturally led to 
ask, What is Organization 1 In reply to this ia given u3 
the Kantian definition of Organiza.tiaD, which I have 
already quoted elsewhere', 'An organized product of 
nature is that in which all the parts are mutually 
ends and means'.' That this definition involves exact 
JTmdamenta] ideas, and is capable of being made the 
basis of sound knowledge, I shall hereafter endeavour 
to show. But I may observe that such a definition 
leads us somewhat further. If the parts of organized 
bodies are known to be means to certain ends, this 
must be known because they fulfil these ends, and pro- 
duce certain effects by the operation of a certain cause 
or causes. The question then recurs, what ia the caitae 
which produces such efiects as take place in organized 
or living bodies? and this is identical with the problem 
of which in the last chapter we traced the history, and 
related the £iilure of physiologists in all attempts at its 
Bolutdon. 

4. But what has been just said suggests to us 
that it may be an improvement to put oui" problem in 
another shape : — not to take for granted that the cause 
of all vital processes ia one, but to suppose that there 
may be several separate causes at work in a living 
body. If this he so, life is no longer one kind of ac- 
tivity, but severaL We have a number of operations 
which are somehow bound together, and life ia the 
totality of all these : in short, life is not one Function, 
but a System of Functions. 

5. We are thus brought very near to the cele- 
brated definition of life given by Bichat': 'Life is the 
sum of the functions by which death is resisted.' But 
upon the definition thus stated, we may venture to 

— finrt, that the introduction of the notion, of 
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death in order to define the notion of li/e appears 
unphiloaophical. We may more naturally define death. 
with relerence to life, as the cessation of life; or at> 
least we may consider life and death as correlative and' 
interdependent notions. Again, the word ' sum,' used 
in the way in which it here occurs, appears to be likdy 
to convey an erroneous conception, as if the iunctions 
here spoken of were simply added to each other, and 
connected by co-existence. It is plain that our idea of 
life involves more than this: the fnactiohs are all 
clearly connected, and mutually depend on each otherj 
nutrition, circulation, locomotion, reproduction, — each 
has its influence upon all the others. These fimctione 
not merely co-exist, but exist with many mutual rela- 
tions and connexions; they are continued so as to 
form, not merely a mtni, but a sj/itein. And thus we 
are led to modify Bichat'a definition, and to say that 
Li/e is the system of vital fwnetitma. 

6. But it will be objected that by such a definition 
we explain nothing ; the notion of vital funetiona, it 
may be said, involves the idea of life, and thus brings 
us round again to our starting-point. Or if not, at 
least it is as necessary to define Vital Functions as to 
define Life itself, so that we have made little progress 

To this we reply, that if any one seeks, upon such 
subjects, some ultimate and independent definition 
from which he can, by mere reasoning, deduce a aeries 
of conclusions, he seeks that which cannot be found. 
In the Inductive Sciences, a Definition does not form 
the basis of reasoning, biU points out tlie couree of in/- 
vestigatum. The definition must include worda; and 
the meaning of these words must be sought in the pro- 
gress and results of observations, as I have elsewhera 
aaid'". 'The meaning of words is to be sought in the 
progress of thought; the history of science is our dic- 
tionary; the steps of scientific induction are our defi- 
nitiona' It will appear, I think, that it is more easy 
for us to form an idea of a separate Function of the 
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iuiimal frame, as Nutrition or Reproduction, than to 
comprehend Life in. general under any single idea. 
And when we say that Life is a, syatem of Vitol Func- 
tions, we are of course directed to study these fimc- 
tions separately, and {as in all other subjeicta of scien- 
tific research) to endeavour to form of them such clear 
and definite ideas as may enable us to discover their 

7. The view to which we axe thus led, of the most 
promising mode of conducting the reaeai-ches of Bio- 
logy, ifi one which the greatest and most philosophical 
physiologists of modem times have adopted. Thus 
Cuvier considers this as the true office of physiology 
at present. ' It belongs to modern times,' he says, ' to 
form a just classification of the ribit pheaomenaj the 
task of the present time is to analyse the forces which 
belong to each organic element, and upon the zeal and 
activity wliich ai-e given to this task, depends, accord- 
ing to my judgment, the fortune of physiology ".' This 
classification of the phenomena of life involves, of 
course, a distinction and arrangement of the vital 
fiinctions ; and the investigation of the powers by 
which these fiinctions are carried on, ia a natural 
sequel to such a classification. 

8. Classificatimig of Functiona. — Attempts to clas- 
sify the Vital Functions of man were made at an 
early period, and have been repeated in great number 
up to modem times. The task of classification is ex< 
posed to the same difficulties, and governed by the 
same conditions, in this as in other subjects. Here, as 
in the case of other things, there may be many classi- 
fications which are moderately good and natural, but 
there is only one which is the best and the true natu- 
ral system. Here, as in other cases, one classification 
brings into view one set of relations; another, another; 
and each may be valuable for its special purpose. 
Here, as iu other cases, the classes may be well con- 
stituted, though the boundary lines which divide them 
be somewhat indistinct, and the order doubtful. Here, 
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as in other eases, we may have approaehed to the nata-'j 
ra] classification without having attained it; and here, 1 
aa iu other cases, to define our c]a.s3eB ia the last and \ 
hardest of our problems. 

9, The most BQcient classiScation of the Fnnctiona I 
of living things", is the division of them into YUal, I 
Natural, and Animal. The Viial Functions are those 1 
which cannot be intermpted without loss of lif^ aa 
Ciretdation, BeapiraUmi, and Nervoug C'mn^nttniealion, 
The Natural Functjons are those which without the 
intervention of the will operate on theii- proper occa- 
sions to preserve the bodies of animals; they are Di- I 
ffestwn, Absorption, NuPrilion; to which waa added 1 
Generation. The Animal Functions are those which ' 
involve perception and will, by which the animal is 
distinguished from the Tegetable ; they are SenaibUity, 
Loconiotion, and Voice. 

The two great grounds of this division, the distinc- 
tion of functions which operate continually, and those 
which o]}erate occasionally; and again, the distinction 
of fiinctions which involve sensation and voluntary 
motion from those which do not; are tnily of fondar- 
mental importance, and gave a real value to this classi- 
fication. It was, however, liable to obviona objectionB ; 
munely, First, that the names of the classes were ill 
chosen; tor all the tunctions are natural, all are vital: 
Second, that the lines of demdJN^tion between the 
classes are indefinite and ambiguous; Hespiration is a 
•vital function, as being continually necessary to life; 
but it is also a natural function, since it occurs in the 
formation of the nutritive fluid, and an anivud fnno- 
tion, since it depends in part on the will. But these 
ohgectianB were not fatal, for a classification maybe 
really sound and philosophical, though its boundary ( 
lines are vague, and its nomenclature ill selected. The 
division of the iunctions we have mentioned kept its 
gi-ound long; or was employed with a subdivision of 
one clat^ so as to make them four; the vital, natural, 
animal and eeoMal functions. 
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lo. I pftBS over many intermediate attempts to 
classify the functions, and proceed to tliat of Bichat as 
that which is, I believe, the one most generally aa- 
Bented to in modem times. The leading principle in 
the flcheme of this celebrated physiologiHt is the dis- 
tinction between organic and animal life. Thia sepa^ 
ration is nearly identical with the one just noticed 
between the vital and animal functions ; but Bichat, 
by the contrasts which he pointed out between thefie 
clafiSGfi of fonctious, gave a decided prominence and 
permanence to the distinction. The Organic Life, 
which in animals is analogons to the life of vegetables, 
and the Animal Life, which implies sensation and 
voluntary motion, have each ite system of organs. 
The center of the animal life is the brain, of the organic 
life, the heart. The former is carried on. by a sym- 
metrical, the latter, by an unsynmietrical system of 
organs; the former produces intermitting, the latter 
continuous actions: and, in addition to these, other 
differences are pointed out. This distinction of the 
two Uves, being thus established, each is subdivided 
into two orders of Functions. The Animal Functions 
are passive, as Sensation : or active, as Locomotion and 
Voices again, the Organic Functions are those of Com- 
position, which are concerned in taking matter into 
the Bystero; Digestion, Absorption, Mespiratian, Oircu- 
lation, Assimilation; and those of Decomposition, which 
reject the materials when they have discharged their 
office in the system; and these are again. Absorption, 
Cireulatiim, and SecreUon. To these are added Calo- 
riJlcatUm, or the production of animal heat. It ap- 
pears, from what has been said, that Absorption and 
Circulation {and we may add AssimilcUion and Secre- 
tion, which are difiicnlt to separate,) belong alike to 
the processes of composition and decomposition ; nor in 
truth, can we, with any rigour, separate the centri- 
petal and centrifugal movements in that vortex which, 
as we shall see, is an apt image of organic life. 

Several objections have been made to this cla-ssiCca- 
tion : and in particular, to the terms thus employed. 
It has been asserted to be a perversion of language to 
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ascribe to animals Uoo livee, and to call Hho higber I 
faculties in man, perception and volition, the animal * 
functions. But, as ■we have already said, when a clas- 
sification is really good, such ofajectiona, which bear 
only upon the mode in which it ia presented, are by 
no meajia fetal ; and it is generally acknowledged by 
all the most philosophical cultivators of biology, that 
this arrangement of the functions is better suited to 
the purposes of the science than those which pre- 
ceded it. I 

1 1. But according to the principles which we have 
already laid down, the solidity of such a classification 
is to be verified by its serving as a useful guide in bio- I 
logical researches. If the arrangement which we have 
explained be really founded in natural relations, it will 
be found that in proportion a* physiologiata have 
studied the separate functions above enumerated, their 
ideas of these functions, and of the powers by which 
they are carried on, have become more and more clear; 
— have tended more and more to the character of exact 



and ngoroua st 

To examine how far this has been the case with 
regard to all the separate functions, would be to at- 
tempt to estimate the value of all the principal physio- 
logical speculations of modern times; a ta^ iar too 
vast and too arduous for any one to undertake who has 
not devoted his life to such studies. But it may pro- 
perly come within the compasa of our present plan to 
show how, with regard to the broader lines of the 
above classification, there has been such a progress as 
we have above described, from more loose and inaccu- 
rate notions of some of the vital functions to more defi- 
nite and precise ideas. This I shall attempt to point 
out in one or two instances. 



CHAPTER IV. 



Atteupts to form Ideas of separate Vital Fobces, 
AND FiBST OP Assimilation and Secketion. 



Sect. I. — Course of Miological Research. 

1. TT ia to be observed tbat at preseBt I do not 
X apeak of the progress of our knowledge with 
regard to the detail of the procesaea which take place 
in the human body, but of the approach made ia some 
distinct Idea of tbe specially vital part of each process. 
In the History of Physiology, it has been seen' that 
all the great discoveries made respecting the organs 
and motions of the animal frame haTO been followed 
by speculations and hypotheaea connected with such 
discoveries. The discovery of the circulation of the 
blood led to theories of animal heatj the discovery of 
the motion of the chyle led to theories of digestion ; 
the olose examination of the process of reproduction in 
plants itnd animals led to theories of generation. In 
all these cases, the discovery brought to light some 
portion of the process which was mechanical or chemi- 
cal, but it also, in each instance, served to show that 
the process was something more than mechanical or 
chemical. The theory attempted to eiplaiu the pro- 
cess by the application of Imown causes; but there 
always remained some part of it which must unavoid- 
ably be referred to an unknown cause. But though 
unknown, such a cause was not a hopeless object of 
study. As the vital functions became better and better 
understood, it was seen more and more clearly at what 
precise points of the process it was necessary to assume 
a peculiar vital energy, and what sort of properties 
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this energy must be conceived to possess. It ■wbs per- 
ceiTed where, in what manner, in what degree, mecha- 
nical and chemical agencies were modified, over-ruled, 
or counteracted, by agencies which must be hyper- 
mochanical and hyperchemical. And thus tke diBCO- 
TerisB made in anatomy by a laboriotts examination of 
fects, pointed out the necessity of introducing new 
ideaa, in order that the facts might be intelligible. 
Observation taught much; and among other things, 
she taught that there was Bomething which conid not 
be observed, but which must, if possible, be con- 
ceived. I shall notice a few instances of this. 




Sbctt. II. — AUem^U to form a distinet CoTUxpium of 
AssimMation and Secretion. 

2. The Ancienfa. — That plants and n,iiitna) ii grow 
by taking into their substance matter previously extj»- 
neous, is obvious to all : but as soon as wo attempt to 
conceive this process distinctly in detail, we find that 
it involves no inconsiderable mystery. How does the 
same food become blood and flesh, bone and hair ? 
Perhaps the earliest attempt to explain this mystery, 
is that 'recorded by Lucretius' as the opinion i 
Anaxagoras, that food contains some bony, some fleshy 
particles, some of blood, and so on. We might, on 
this supposition, conceive that the mechanism of the 
body appropriates each kind of particle to its suitable 

pi«,. 

But it is easy to refute this essay at philosophizing 
(aa Lucretius refutes it) by remarking that we do not 
find milk in grass, or blood in fruit, though such food 
gives such products in cattle and in men. In opposi- 
tion to this ' Homoiomereia,' the opinion that is forced 
upon ua by the facta is, that the process of nutrition is 
not a selection merely, but an agnimUcUion ; the organ- 
ized system does not Jind, butmo^, the additions to its 
structure. 



1-855. 



IDEAS OF SEPARATE VITAL FORCES. 



205 



3. Buffbn.—TlaB notion of aseimilatimi may be 
variously expressed and illustrated; and aO tLat we 
can do here, in order to sliow the progress of thought, 
is to adduce the speculations of those writera who have 
been most successfiil in seizing saxA maxkiug its pecu- 
liar character. Bufiba may be taken as an. example of 
the philosophy of his time on this subject. ' The body 
of the animal,' says he', 'is a kind o{ interior Trundd, 
in which the matter auhservient to its increase ia 
modelled and assimilated to the whole, in such a way 
that, without occasioning any change in the order and 
proportion of the parte, there results an augmentation 
in each part taken separately. This increase, this de- 
velopment, if we would have a clear idea of it, how 
can we obtain it, except by considering the body of 
the animal, and each of the parte which is to be 
developed, as so many interior moulds which only 
receive the accessory mattei" in the order which results 
from, the position of all their parts t This develop- 
ment cannot take place, afi persons sometimes persuade 
themselves, by an addition to the outside ; on the con- 
trary, it goes on by an intimate susception which 
penetrates the mass ; for, in the part thus developed, 
the size increases in all parts proportionally, so that 
the new matter must penetrate it in all its dimen- 
sions : and it is quite necessary that this penetration 
of aubstence must take place in a certain order, and 
according to a certain measure; for if this were not 
so, some parts would develope themselves more than 
others. Now what can there be which shall prescribe 
such a rale to the accessory matter except the int&rior 
■mould V 

To speak of a m/ndd simply, would convey a coarse 
mechanical notion, which could not be received aa any 
useful contribution to physiological speculation. But 
this interior mould is, of course, to be understood 
figuratively, not as an assemblage of cavities, but as a 
collection of laws, shaping, directing, and modifying 
the new matter ; giving it not only form, but motion 

' J/iA Nut b. L c. liL 
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and activity^ snch as belong to the parte of a 
being. 

4. It must be allowed, faoweTer, that even with J 
thin esplonation, the comparison it; veiy loose and in:-! 
su^cient. A mmUd may be permitted to mean r ■ 
collection of laws, but still it can convey no ooiice{H 1 
tion except that of laws regulated by relations of 1 
space ; and snch a conception is very plainly qaite i 
adequate to the purpose. What can we conceive 

the interior mould by which chyle is separated from 
the aliments at the pores of the lacteals, or tears 
secreted in the laciymatory gland) 

An additional abjection to this mode of expression of 
Buflbn is, that it suggests to ms only a single marked 
change in the assimilated matter, not a continuoos 
seriea of changes. Yet the animal fluids and other 
substances are, in &ct, undergoing a constant series of 
changes. Food becomee chyme, and chyme becomes 
chyle; chyle ia poured into the blood ; firom the blood 
secretions take place, as the bile; the bile is poured 
into the digestive canal, and a portion of the matter 
previously introduced ia rejected out of the system. 
Here we must have a series of ' interior moulds ;' and 
these must impress matter at its ejection &om the 
organic system as well as at its reception. But, more- 
over, it is probable that none of the above transfor- 
mations are quite abrupt. Change is going on be- 
tween the beginning and the end of each stage of the 
nutritire circulation. To express the laws of thia con- 
tinuous change, the image of an interior mould is quite 
unsuited. We mnst seek a better mode of conception. 

5. Vegetable and animal nutrition is, as we have 
said, a constant circulation. The matter so assumed is 
not all retained ; a perpetual subtraction accompanies a 
perpetual addition. There is an excretion as well as an 
intussusception. The matter which is assumed by the 
living creature ia retained only for a while, and is then. 
jArted with. The individual is the same, but its parts 
are in a peqwtual flux : they come and go. For a time 
the matter which belongs to the organic body is bound 
to it by certain laws ; but before it ia thua bound, and 
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it is loose, this nrntter may circulate about the 
' 1 any other form. Life consists in a per- 
manent inHuence over a perpetually changing set of 
particles. 

Cuvier. — This condition also has been happily ex- 
pi-eased, by means of a compariaon, by another great 
natnraliat. 'If,' says Cuvier', 'if, in order to obtain a 
just idea of the essence of life, -we consider it in the 
beings where its effects are most simple, we shall eoon 
perceive that it oonaietB in the faculty which belongs to 
certain bodily combinations to continue during a deter- 
minate time under a determinate foi-m ; constantly at- 
tracting into their composition a part of the surround- 
ing substances, and giving up in return some part of 
their own substance. 

' Life is thus a vortei:, more or less rapid, more or 
less complex, which has a constant direction, and which 
always carries along its stream, particles of the same 
kinds ; but in which the individual pai-ticlea are con- 
atautly entering in and departing out; so that the 
form of the living body is more essential to it than its 
matter. 

' So long as this motion subsists, the body in which 
it takes place is alive; it lives. When the motion stops 
finally, the body dies. After death, the elements which 
compose the body, given up to the ordinary chemical 
affinities, soon separate, and the body which was alive 
is dissolved.' 

This notion of a vortex" which is permanent while 
the matter which composes it constantly changes, — of 
peculiar forces which act in this vortex so long as it 
exists, and which give place to chemical forces when 
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manner, and ^^^ 
ition of thi^^^^H 



the circuliitory motion ceases, — appears to expre^ 
xrime of the leading conclitioua of the assimilative power 
of living tliiiigM in a Himple aud geueraJ manner, and 
thiia tenila to give diHtinctnesa to the notioti of 
vital ^DctioD. 

6, But WB may observe that this aotion of a Vc 
in atill iiisuificient FarticIeB are not only taken into 
the aystem and circulated through it for a lime, but, 
an we have soen, they are altered in character la a 
manner to an, uniatelligible, both at their fiist adini»- 
aioti into the system and at every period of thcor 
[irt^eBB through it. In the vortex each particle 
OJTuitantly trmui/ormed while it whirls. 

It may l>e said, perhapB, that tliis transformation 
the kinds of mntter may be conceived to be merely a 
new arrangement of their particles, and that thus all 
the changes which take place in the circulating sub- 
staaceR are merely no many additional windings in the 
course of the whirling current. But to say tliia, is to 
take for granted the atomic hypothesis in its rudest 
form. What right have we to assume that blood and, 
tears, bile and milk, consist of like particles of matter 
differently arranged 1 What can arrangement, a mere 
relation of space, do towards explaining such differ- 
ences 1 Is not the insufficiency, the absui'dity of suck 
an assumption proved by the whole course of science t 
Are not even chemical changes, according to the beat 
views hitherto obtained, something more than a mere 
new arrangement of particles ) And are not vital aa 
much beyond chemical, as chemical are beyond geome- 
trical modifications! It is not enough, then, to con- 
ceive life as a vortex. The particles which are tak^i 
into the organic frame do more than circulate thera 
They are, at every point of their circulation, acted 
upon by laws of an unknown kind, changing the nature 
of the substance which they composa Life is a vortex 
in which vital forces act at every point of the stream : 
it is not only a current of whirling jnalier, but a cycle 
of recurring powers. 

7. Matter and Form,. — This image of a vortex ia 
closely connected with the representation of life offered 
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ns by writers of a very different school. In Schelling's 
Zectitres on Academic Study, he takea a survey of the 
various branches of human knowledge, determining ac- 
cording to hia own principles the shape which each 
Bcience must necessarily assume. The ]}ecutiar cha- 
racter of oi^anization, according to liim°, is that the 
matter is only an accident of the thing itself, and the 
orgauiitation consists in Form alone. But this Form, 
hy its very opposition to Matter, ceaaea to be inde- 
pendent of it, and is only ideally separable. In or- 
ganization, therefore, substance and accident, matter 
and form, are completely identical'. This notion, that 
iu organization the Form is essential and the Matter 
accidental, or, in other words, that the Form, is perma- 
nent and the Matter fluctuating and transitory, agrees, 
if taken in. the grossest sense of matter and form, with 
Cuvier's imago of a Vortex. In a whirlpool, or in a 
waterfall, the form remains, the matter constantly 
passes away and is renewed. But we have already 
seen' that in metaphysical speculations in which Ttiatter 
and form are opposed, the word Jorm is used in a fer 
more extensive sense than that which denotes a rela- 
tion of space. It may indeed designate any change 
which matter can undergo; and we may very allow- 
ably say that food and blood are the same matter tmder 
different /wnia. Hence if we assert that Lifi is a con- 
stant Form of a circulating Matter, we eKj)reS3 Cuvier's 
notion in a mode tree from the false suggestion which 
'Vortex' conveys. 

8. We may, however, still add something to this 
account of life. The circulating parts of the system 
not only circulate, but they form the non-circulating 
parts. Or rather, there are no non-circulating parts ; 
all portions of the frame circulate more or less rapidly. 
The food which we take circulates rapidly in the fluids, 
more slowly in the flesh, still more slowly in the bones ; 
but in all these parts it is taken into the system, 
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retained there for some time, and fmally replaced hy ' 
other matter, Bnt vhile it remains in the budy, it 
eiercjaes upon the other circulating pai-ta the powers J 
by which their motion is produced. I^utriment fbnaBi ] 
and supports the organs, and the organs carry fresh ' 
nutriment to iti) deatiuatiou. The peculiar forces of 1 
the living body, and its peculiar structure, are thus 
connected in an indeacribable manner. The forceB ' 
produce the structure; the structure, again, is requisite 
for the exertion of the forces. The Idea of an Organio 
or Living Being includes this peculiar condition — that 
its constiiiction and powers are such, that it constantly 
appropriates to itself new poi-tiona of subatance which, 
so appropriated, become indistinguishable parta of ■ " 
whole, and serve to carry on subsequently the aa 
functions by which they were assimilated. And thnB I 
Organic lAfe is » constant Ftinu of a drcviaiing Mat^ I 
ter, in wfdch the Matter and the Form, determine each | 
otker by peculiar lanm {that is, by Vital Forces), 

Sect. III. — Aflempfi to conceive the forces ofAaeixni- 
lation, and Secretion. 

g. I haye already stated that in our attempts to | 

obtain clear and scientific Ideas of Yital Forces, we [ 
have, in. the first place, to seek to nnderatand the I 
course of change and motion in each fimction, so as- 1 
to see at what points of the process pecidiar causes , 
come into play; and next, to endeavour to obtain some 
insight into the peculiar character and attiibutes of 
these causes. Having spoken of the first part of this 
mode of investigation in regard to the general nutri- 
tion of organic bodies, I must now say a few words on 
the second part. 

The Forces bete spoken of are VUal Forcaa. From I 
what has been said, we may see in some measure the 
distinction between forces of this kind and mechanical 
or chemical forces ; the latter tend constantly to pro- 
duce a final condition, after which there is no further 
cause of change ; mechanical forces tend to produce 
equilibrium; chemical forces tend to produce composi- 
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tion or decomposition; and thia point once reached, 
the matter in which these forces Tcside is altogether 
inert. But an organic body tends to a constant mo- 
tion, and the highest activity of organic forces shows 
itself in continuone change. Again, in mechanical and 
chemical forces, the force of any aggregate is the sum 
of the forces of all the parts : the smn of the forces 
corresponds to the sum of the matter. But in organic 
bodies, the amount of eSect does not depend on the 
matter, but on the form : the particles lose their aepa- 
rate energy, in order to share in that of the Bystera; 
they are not added, they are aagimUated. 

10. It is difficult to say whether anything has been 
gained to science by the rarious attempts to assign a 
fixed name to the vital force which is ^ua the imme- 
diate eauseof Assimilation. It haa been called Orjanie 
AUraetion or ViUd AtPraction, Organic A^mity or 
Vital Affinity, being thus compared with mechanical 
Attraction or chemical Affinity. But, perhaps, as the 
process is certainly neither mechanical nor chemical, it 
is desirable to appropriate to it a peculiar name ; and 
the Jtaiae AitimUatMTi, or Orgaiiie Asmiailation, by the 
usage of good biological writers, is generally employed 
fi>r thia purpose, and may be taken as the standard 
name of this Vital Force. To illustrate this, I will 
quote a passage from the excellent Etententt of Pkytio- 
logy of Professor Miiller. ' In the process of nutrition 
is exemplified the fundamental principle of organic 
aanmilalion. Each elementary particle of an organ 
attracts similar particles from the blood, and by the 
changes it produces in them, causes them to participate 
in the vital principle of the organ itself. Nerves take 
up nervous substance, muscles, muscular substance : 
even morbid structures have the assimilating power; 
warts in the skin grow with their own peculiar struc- 
ture ; in an ulcer, the base and border are nourished in 
a way conformable to the mode of action and secretion 
determined by the disease.' 

11. The Force of Organic Assimilation apoken of 
in the last paragraph deootea peculiarly the foi-ce by 
which each ot^an appropriates to itself a part of the 
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nutriment received into the system, and thus ia maia' 
tained and augmanted with the growth of the wholskj 
Bat the growth of the solid parts is only one portioi 
the function of nutrition; hosidea this, we mas' 
aider the motion and changes of the fluids, and 
ask what kind of forces may be conceived to produoo 
these. What are the powers by which chyle is oft- 
aorbed from the food, by which bile is leereted from 
the blood, by which the circulating motion of these and 
all other fluids of the body are conatiintly maintained! 
To the questions, — What are the forces by which ab- 
sorption, secretion, and the vital motions, of fluids are 
produced 1 — no satisfactory answer has been returned. 
Yet still some steps have been made, which it may 
be instructive to point out 

12. In Abgorpfion it would appear that apart of the 
agency is inorganic; for not only dead membranes, but 
inorganic subatances, absorb fluids, and even absorb 
them with elective forces, according to the ingredienta 
of the fluid. A force which is of this kind, and which 
has been termed E'ndosniose, has been found to pro- 
duce very curious effects. When a membrane sepa- 
rates two fluids, holding in solution different ingre- 
dients, the fluids pass through the membrane in an 
imperceptible manner, and mix or exchange their ele- 
ments. The force which produces these effects is 
capable of balancing a very considerable pressure. It 
appears, moreover, to depend, at least among other 
causes, upon attractions operating between the ele- 
ments of the soHds and the fluids, b& well as between 
the different fluids; and this force, though thus appa- 
rently of a mechanical and chemical nature, probably 
has considerable influence in vital phenomena. 

13, But still, though Endosmose mny account in 
part for absorption in some cases, it is certain that 
there is some other vital force at work in this process. 
There must be, aa Mtiller says°, 'an organic attraction 
of a kind hitherto unknown.' ' If absorption,' he 
adds'", is to be explained in a manner analogous to 



siology. p. a 






IDEAS OF SEPARATE VITAL FORCES. 2I3 

the laws of endosmoae, it must be supposed that a che- 
mical affinity, reaulting from the vibd process itself, 
is exerted between 'the chyme in the intestines and 
the ahyle in the liieteals, by which the chyle is ena- 
bled to attract the chyme without being itself attracted 
by it But Huch aflinity or attraction would be of a 
ijtial nature, since it does not exist after death.' 

14. If the force of absorption be thua mysterious in 
its nainire, the force of Secretion is still mere so. In 
this case we have an organ filled with a fine net-work 
of blood-vessels, and in the canities of some gland, or 
open part, we have a new fluid formed, of a kind alto- 
gether different from the blood itself. It is easily 
shown that this cannot be expired by any action of 
pores or capillary tubes. But what conception can we 
form of the forces by which such a change is produced 1 
Here, again, I shell borrow the expressions of Miiller, 
as presenting the last result of modem physiology. He 
says", 'The more probable supposition is, that by 
virtue of imbibition, or the general organic porosity, 
the fluid poition of the blood becomes difl'used through 
the tissue of the seci^eting organ; that the estemal 
surface of the glandular canals exerts a chemical at- 
traction on the elements of the fluid, infusing into 
them at the same time a tendency to unite in new 
combinations; and then repels them in a manner which 
is certainly quite inexplicable, towards the inner sur- 
fece of the secreting membrane, or glandular canals." 
' Although quite unsupported by facts,' he adds, ' this 
theory of attraction and repulsion ia not without its 
analogy in physical phenomena; and it would appear 
that very similar powers efiect the elimination of the 
fluid in secretion, and cause it to be taken up by 
the lymphatics in absorption.' He elsewhere says", 
' Absorption seems to depend on an attra^on the 
nature of which is unknown, but of which the very 
counteriiart, as it were, takes place in secretion ; the 
fluids altered by the secreting action being repelled 
towards the &ee side or open surface only of tlie 
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secreting membranea, and then pressed forwards by tiusm 
successive jwrtiona of the fluids secreted.' ■ 

ig. With regard to the forces whicli produce thai 
Motion of absorbed or secreted fluids along their de»-l 
tined courao, it may be seen, &om the laat quote4l 
sentence, that tbe same vital force which changes Uwa 
nature, also produces the movement of the substonc&l 
The fluids are pressed forwards by the successive poiV'f 
tions absorbed or secreted. That this in the sole cauM^ B 
or at least a very powerful cause, of the motion of ^ 
the nutritive fluids in organic bodies, is easily ahown 
by experience. It is found" that the organs whioh 
effect the ascent of the sap in trees during the apnog 
are the terminal parts of the roots; that tite wkole 
force by which the sap is impelled upwards is the , 
vig a tirgo, as it has been called, the force pushing 
from behind, exerted in the roots. Aud thus the £one J 
which produces this motion is exerted exaetly at ^oaa J 
points where the organic body selects Irom the 00D>l 
tiguous mass those particles which it abaoriis an4'l 
appropriates. Aud the same may most probably bo'1 
taken fur the cause of the motion of the lymph and 
chyle; at least, Miiller says'* that no other motiva 
power has been detected which impels those fluids 

Thus, though we must confess the Vital Force o 
earned in Assimilation and Secretion to he unknown 
in its nature, we still obtain a view of some of the at- 
tributes which it involves. It has mechanical efficacy, 
producing motions, often such as would require great 
meohanii^ force. But it exerts at the same point 
both an attraction aud a repulsion, attracting matte 
on one side, and repelling it on the other ; and i 
this circumstaDce it differe entirely from raeehanical 
forces. Again, it is not only mechanical but chemi- 
cal, producing a complete change in the nature of the 
substance on which it acts; to which we must add 
that the changes produced by the vital forces are 
such as, for the most part, our artificial chemistry can- 
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not imitata But, again, by the action of the vita] 
force at any point of an organ, not only are fluida 
made to pass, and changed as they ^:a£3, but the organ 
itself is maintained and strengthened, so as to continue 
or to incresBe ita operation : and thus the vital enet^ 
supports its activity by its action, and is augmented 
by being exei-ted. 

We have thus endeavoured to obtain a view of some 
of the peculiar characters which belong to the Force of 
Organic Assimilation; — the Force by which life is kept 
up, conceived in the moat elementary form to which we 
can reduce it by observation and contemplation. It ap- 
peara that it is a force which not only produces motion 
and chemical change, but also vitaliee» the matter on 
which it acts, giving to it the power of producing like 
chsnges on other matter, and ho on indetinitely. It 
not only circulates the particles of matter, but puts 
them in a stream of which the flow is development as 
"«rell as movement. 

The force of Organic Assimilation being thus con- 
ceived, it becomes iuetmctive to compare it with the 
force concerned in Generation, whidi we shall therefore 
endeavour to do. 

(/w Process of 



\6. At first sight the Auction of Nutrition appears 
very different &om the fiuictlon of Generation. In 
the former ca.se we have merely the existing organs 
maintained or enlaj^ed, and tbeir action continued; in 
the latter, we have a new individua] produced and ex- 
tricated from the parent. The term Reproduction has, 
no doubt, been applied, by different writers, to both 
these functions ; — to the processes by which an organ 
when mutilated, is reetor»l by the forces of the living 
body, and to the process by which a new generation of 
individuals is produced which may be considered as 
taking the place of the old generation, as these are 
gradually removed by death. But these are obviously 
ses of the word. In tlie latter case, the 
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term Reprodiiction is figurativeiy used ; for the 
indiTiduala are not repnxluced ; but the species is kept 
up by the propagatiou of new indiyiduals, as in nutri- 
tjon the orgau is kept up by the aasimilatioa of new 
matter. To escape ambiguity, I shall avoid tiaing tlie 
term EeproducCian in tlie sense of Propagalitm. 

17. In Nutrition, as we have aeen, the matter, 
which from being at first extraneons, is appropriated 
by the liying ^stera, and directed to the sustentation 
of the organs, undersea a series of changes of which 
the detail eludes our observation and apprehenaion. 
The nutriment which we receive contributes to the 
growth of flesh aad bone, viscera and organs of sense. 
But we cannot trace in ite gradual changes a vifdble 
preparation for its final office, The portion of matter 
which is destined to repair the waste of the eye or the 
skin, is not found assuming a likeness to the parts of 
the eye or the structure of the skin, as it comes near 
the place where it is moulded into its ultimate form. 
The new parts are insinuated among the old ones, in 
an obscure and imperceptible matter. We can trace 
their progress only by their efiecta. The organs are 
nourished, and that is almost aU we can team : we 
cannot discover Itov) this is done. We cannot follow 
nature through a aeries of manifest preparations and 
prooeaaea to this result. 

18. In Generation the case la quite different. The 
young being is formed gradually and by a series of 
distinguishable processes. It is included within the 
parent before it is extruded, and approaches more or 
less to the likeness of the parent before it is detached. 
While it is stiU an embryo, it shares in the nutriment 
which circulates through the system of the mothOTj 
but its destination is already clear. While the new 
and the old parts, in every other portion of the mother, 
are undistinguishably mixed together, this new pM^ 
the ftetus, is clearly distinct from the rest of the system, 
and becomes rapidly more and more so, as the time 
goes on. An il thus there is formed, not a new part, 
hut a new whole; it is not an organ which is kept up, 
but au offitpring which is prepared. The progeny is 
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included in the parent, and is gradviaUy fitted to be 
separated from it The yonng is at first only the 
development of a part of the organization of tlie 
mother; — of a germ, an OTTile. But it is not deve- 
loped like other organs, vetaining its general form. It 
does not become merely a larger bud, a larger ovule; 
it ia entirely changed j it becomes — from a bud — a 
blossom, a flower, a fruit, a seed j from an ovule it be- 
comes an egg, a chick, a bird; or it may be, a fcetiu, a 
child. The original rudiment is not merely nourished, 
but unfolded and transformed through the most marked 
and remote changes, gradually tending to the foim of 
the new individual. 

19. But this ia not all. The fcetus ia, as we have 
said, a development of a portion of the mother's orga- 
nization. But the fcetus (supposing it female) is a 
likeness of the mother. The mother, even before con- 
ception, contains within herself the germs of her pro- 
geny ; the female ftetiia, therefore, at a certain stage of 
development, will contain also the germs of possible 
progeny; and thus we may have the germs of future 
generationa, pre-exiating and included successively 
within one another. And this state of things, which 
thuB suggests itself to us as possible, is fotmd to be 
the case in facts which observation supplies. Ana- 
tomists have traced ovules in the unborn fcetus, and 
thus we have three generations included one within 
another. 

20. Supposing we were to atop here, the process of 
propagation might appear to be altogether different 
from that of nutrition. The latter, aa we have seen, 
may be in some measure illustrated by the image of a 
vortex ; the former has been represented by the image 
of a series of germs, tkeathed one within another sac- 
ceasively, and this without any limit This view of 
the subject baa been termed the doctrine of the Pre- 
exiatence of germs ; and has been designated by Ger- 
man writers by a term ' EinachacbtelungB-theorie' 
descriptive of the successive sheathing of which I have 
spoken. Imitating this term, we may call it the Theory 
of mcceseive inclunon. It has always had many 
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adLeronts; and has been, perhaps, up to the present 
time, the most curreat opinion on tke subject of genera 
tion. Cuvier inclines to this opinion". 'Fixed forms 
perpetuating themselves hy generation distingoisb the 
Bpecies of living thinga. These forma do not produce 
themaelves, do not change themselves. Life supposes 
them to exist already; its flame can be lighted onlj in. 
organization previously prepared; and the moat pro~ 
found meditations and the most delicate i-eseandiea 
terminate alike in the myatery of the pre-erngtmct 
of germs: 

31. Yet this doctrine is full of difficulty. It is, aa 
Cuvier says, a mysterious view of the subject; — so 
myHterioua, that it can hardly be accepted by us, vho 
seek distinct conceptions as the baida of our philosophy. 
Can it be true, not only that the germ of the offipring 
is originally included in the parent, but also tJie germs 
of its progeny, and so on without limit : — so that 
each frnitfiil individual contains in itself tm infinite 
collection of future poBsihle individuaJa ; — a reserve 
of infinite succeeding generations ? This is hard to 
admit Have we no alternative ) What is the oppo- 
site doctrine! 

22. The opposite doctrine deserves at least some 
notice. It extends, to the production of a new indivi- 
dual, the conception of growth by nutrition. Accord- 
ing to t^is view, we suppose propagation to take place, 
not as in the view just spoken of, by inclusion and ex- 
trusion, but by assimilation and development; — not by 
the material pre-existence of germs, but by the com- 
munication of vital forces to new matter. This opinion 
appears to be entertained by some of the most eminent 
physiolo^sts of the present time. Thns, Miiller says, 
' The organic force ia also creative. The organic force 
which resides in the whole, and on which the existence 
of each part depends, has also the property of gena- 
rating, ^m organic matter, the parts neceesary to the 
whola' Life, he adds, is not merely a harmony of tho 
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parts. On the contrary, the harmonioua action of the 
parts aubaists only by the influence of a force pervading 
all parts of the body. ' This force exiNts before the 
harmonizing parte, which &re in fact formed by it 
diiring the development of the embryo.' And again; 
' The creative force axistH in the germ, and creates in 
it the essential force of the future {mimal. The germ 
is potenlially tJie whole animal : during the develofi- 
ment of the germ the parts which constitute the actual 
whole are produced.' 

23, In this view, we extend to the reproduction of 
an individual the same conception of organic assimila- 
tion which we have already arrived at, as the best 
notion we can form of the force by which the repro- 
duction and Hustentation of parte takes place. And ia 
not such an extension really very wiusistent ? If a 
living thing can appropriate to itself extraneous mat- 
ter, invest it with its own functions, and thus put it in 
the stream of constant development, may we not con- 
ceive the development of a new whole to take place in 
this way as well as of a poH ? If the organized being 
can infuse into new matter its vital forces, is there any 
contradiction in supposing this infusion to take place 
in the fidl measure which is requisite for the produc- 
tion of a new individual 1 The Ibrce of organic assi- 
milation is transferred to the very matter on which it 
acts; it may be transferred no tliat the operation of 
the forces produces not only an organ, but a system of 
organs. 

24. This identification of the forces which operate 
in Nutrition and GenenitioQ may at lirst seem forced 
and obscure, in consequence of the very strong appa- 
rent differences of the two procesoea which we have 
already noticed. But this defect in the doctrine is 
remedied by the consideration of what may be oimu- 
dered ae intermediate cases. It is not true tliat, in 
the nutntion of special organs, the matter is always 
conveyed to its ultimate destination without being on 
its way moulded into the form which it is finally to 
bear, as the embryo is uonldwl into the form of lh« 
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fiiture indiTidual On the contrary, there are case 
which the waste of the organs ia aujjplied by the 1 
growth of new ones, which are prepared and formed I 
before they are used, just as the of&priiig is prepared I 
and formed before it is aeparated from the parent. I 
This is the case with the teeth of many n-nimu lB, and I 
especially with the teeth of animals of the crocodile 
kijid. Young teeth grow near tlie root of the old 
ones, like buda on the stem of a plant; and as these 
become fully developed, they take the place of 
parent tooth when that dies and ia cast away. And I 
these new teeth in their turn are succeeded by others I 
which germinate from them. Several generations of 1 
Buch teeth, it ia eaid as many as four, have been, de- f 
tected by anatomiata, visibly existing at the same time'; 
juat as aeveral generations of germs of individuals | 
Lave been, as we already stated, observed included i 
one another. But thia ease of the teeth appears t 
show very strikingly how insufficient saah. observa- 
tions are to establish the doctrine of successive inclu- 
sion, or of the pre-existence of germs. Are we to 
suppose that every crocodile's tooth includes in itself 
the germs of an infinite number of possible teeth, as 
in the theory of pre-existing germs every individual 
includes an infinite number of individuals ) If this be 
true of teeth, we must suppose that organ to follow 
laws entirely difierent from almost every other organ; 
for no one would apply to the other organs in general 
such a theory of reproduction. But if such a theory 
be not maintained respecting the teeth, how can we 
maintain the theory of the pre-existing germs of indi- 
viduals, which has no recommendation except that 
of accounting for exactly the same phenomena 1 

It would seem, then, that we are, by the closest con- 
sideration of the subject, led to conceive the forces hy 
which generation is produced, as forces which vitalize 
certain portions of matter, and thus prepare them for 
development according to organic forms; and thus the 
conception of this Generative Force is identified with 
the conception of the Force of Organic Assimilation, to . 
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which we were led by the consideration of the process 
of nutrition. 

I shall not attempt to give ^irther distinctness and 
fixity to this conception of one of the vital forces; but 
I shall proceed to exempHfy the same analysis of life 
by some remarks upon another Vital Process, and the 
Forces of which it ^bits the operation. 



CHAPTER V. 



Atfemfts to rOBM Ideas of beparatb Titaii 
Forces, e<mtinued. — Voluntabt Motion. 



I. "XISTE formerly noticed the distinctiona of organie I 
VV and anhnal fiioctionH, organic and animal I 
forces, OS one of tho most marked distinctions to I 
which physiologiata have been led in their analysifl ofJ 
the vital powers. I have now taken one of the former, F 
the organic class of functions, namely, Nutrition; and 1 
have endeavovired to point out in some measure the I 
peculiar nature of the vital forces by which this fiuio- | 
tiou is cairied on. It may serve to show the extent I 
and the difliculty of this subject, i^ before quitting I 
it, I offer a few remarks suggested by a function I 
belonging to the other class, the animal fimctiona. 1 
This I shall briefly do with respect to Voluntary Mo~ I 

2, In the History of Physiology, I have already I 
related the progress of the researches by which the f 
organs employed in voluntary motion became known ■ 
to anatomists. It was ascertained to the satisfaction 
of all physiologists, that the immediate agents in such 
motion are the muscles ; that the muscles are in some 
way contracted, when the nerves convey to them the 
agency of the will ; Mid that thus the limbs are moved, - 
It was ascertained, also, that the nerves convey sensa- I 
tious from the oi^ns of sense inwards, so as to make | 
these sensations the object of the animal's conscious- 
ncBs. In man and the higher animals, these impres- 
sions upon the nerves are all conveyed to one internal 
organ, the brain; and from this organ all impressions 
f the will appear to proceed; and thus the brain is 
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the center of animal life, towards which sensations 
convei^e, and from which volitions diverga 

But this being the process, we are led to inquire 
how fiir we can obtain any knowledge, or form any 
conception, of the %dtal forces by means of which the 
process is carried on. And here I have further stated 
in the History', that the transfer of sensations and 
volitions along the nerves was often represented as 
consisting in the motion of a Nervous Fluid. I have 
related tliat the hypothesis of such a fluid, conveying 
its impresaioDB either by motions of translation or of 
vibration, was countenanced by many great names, 
as Newton, Haller, and even Cuvier. But I have 
ventured to express my doubt whether this hypothesis 
can have much value : ' for,' I have said, ' this prin- 
ciple cannot be mechanical, chemical, or physical, and 
therefore cannot be better understood by embodying it 
in a fluid. The difficulty we have in conceiving what 
the force ii, is not got rid of by explaining the machi- 
nery by which it is IraiMjerred,' 

3. I may add, that no succeeding biological re- 
searchea appear to have diminished the force of these 
considerations. In modern times, attempts have re- 
peatedly been made to identify the nervous fluid with 
electricity or galvanism. But these attempts have not 
been aatisiactory or conclusive of the truth of such an 
identity: and Professor Miiller probabiy speaks the 
judgment of the moat judicious physiologists, when 
he states it as his opinion, after examining the evi- 
dence", ' That the vital actions of the nerves are not 
attended with tlie development of any galvanic cur- 
rents which our instruments can detect; and that the 
laws of action of the nervous principle are*>tally dif- 
ferent from those of electricity.' 

That the powers by which the nerves are the instru- 
ments of sensation, and the muscles of motion, are 
vital endowments, incapable of being expresFied or ex- 
plained by any comparison with mechanical, chemical, 
and electiical forces, is the result which we should 

1 Hist lad. 3ft b, itlL t ». a. s. ' Ekm. Phys. p. 640. 
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expect to find, judging from the whole analogy of Bca.4 
enoo; and which thua is confirmed by the history o^ 
pltysiology up to the present time. We naturally, then, 1 
turn to inquire whether such peculiar vital powenvl 
have been bro\ight into view with amy distinctnesa'J 
and clearness. 

4. The property by which muscles, under prop« 
stimulatioD, contract and produce motion, has beeiEl 
termed Irritabiliiy or GontTorttility : the property b; 
which nerves are susceptible of their appropriate im 
pressioDa has been termed SengUnlUy. A very fell 
words on each of these subjects must suffice. 

iTritahUity. — I have, in the History of Physiology*,! 
noticed that Glisson, a Cambridge professor, diatin-fl 
guished the Irritation of muscles as a peculiar pro- ' 
perty, different irom any merely mechanical or pbyai- 
cal action. I have mentioned, also, that he dirides 
Irritation into nalural, vital, and animal; and points ■ 
out, though briefly, the graduated differences of Irrita- 
bility in different organs. Although these opinionB 
did not at first attract much notice, about eereii^ 
years afterwards attention vraa po*erfully called to 
this vital force, IrritaiiUity, by HaUer. I shall borrow 
Sprengel's reflections on this subject. 

'Hitherto men had been led to see more and mora 
clearly that the cause of the bodily fimctions, the fun- 
damental power of the animal irame, is not to be ' 
sought in, the mechanism, and still less in the mix- 
ture of the parts. In this conviction, they had had re- 
course partly to the quite supersensuous principle of 
Hie Soul, partly to the half-material principle of the 
Animal Spirits, in order to explain the bodily motions. 
Glisson alcaie saw the necessity of assuming an Origi- 
nal Power in the fibres, which, independent of the 
influence of the animal spirits, should produce contrac- 
tion in, them. And Gorter first held that this Original 
Power was not to be confined to the muscles, but to be 
extended to all parts of the living body. 
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' But aa yet the laws of this Power were not known, 
nor had men come to an understanding whether it 
■were fully distinct iroia the elasticity of the parts, 
or by what causes it was put in action. They had 
neither instituted observations nor experiments which 
established ita relation to other assumed forces of the 
body. There waa still wanting a determination of the 
peculiar seat of this power, and experiments to trace 
its gradual differences in different parts of the body. 
In addition to other causes, the necessity of the as- 
sumption of auch a power was felt the moi-e, in conse- 
quence of the prevalence of Leibnitz's doctrine of the 
activity of matter; but it was an occult quality, and 
remained so till Haller, by numerous experiments and 
Bolid observations, placed in a clear light the peculiari- 
ties of the powers of the animal body.' 

g. Perhaps, however, Hailer did more in the way 
of determining experimentally the limits and details of 
the application of this idea of Irritability as a peculiar 
attribute, than in developing the Idea itsel£ In that 
way his merits were great. As early as the year 1739, 
he published his opinion upon Irritability aa the cause 
of muscular motion, which he promulgated again in 
1743. But from the year 174.7 ^^ ^^^ more attentive 
to iLe peculiarities of Irritability, and its difference 
from the effect of the nerves. In the first edition of 
his Physiology, which appeared in 1747, he distin- 
guished three kinds of Force in muscles, — the Dead 
Force, the Innate Force, and the Nervous Power. The 
£rat is identical with the elastic force of dead matter, 
and remains even after death. The innate force con- 
tinues only a short time afber death, and discloses 
itself especially by alternate oscillations ; the motions 
■which arise from this are much more lively than those 
■which arise from mere elasticity ; they are not excited 
by tension, nor by pressure, nor by any mechanical 
alteration, hut only by irritatvm. The nervoiia Jhree 
of the muscle is imparted to it from ■without by the 
nerves; it preserves the irritability, which cannot long 
subsist ■witliout the influence of the nervous force, but 
ia not identical ■with it. 
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In the year 1752, Haller laid before the Society 
Gijttingen the result of one hundred, and ninety 
rimentB; from which it appeal's to what parts ( 
animal system Irritability and Nervous Power belong. 
These I need uot enumerate. He also investigated 
with care its gradations in those parts which do poBseas 
it Thus the heart possesses it in the highest degree^, 
and other organs follow in their order. 

6. Holler's doctriae was, that there resides ii 
muaolaa a peculiar vital power by which they conttturf^ 
and that this power is distinct from the attributes oi 
the nerves. And this doctrine has been accepted by 
the best physiologists of modem times. But this dis- 
tinction of the irritability of the muscles from the 
semihility of the nerves became somewhat clearer by 
giving to the former attribute the name of Contracts 
lity. This accordingly was done ; it is, for example, 
the phraseology used by Bichat By speaking ffif 
anvnal aen^hUUy and animal conlraatUity, the passive 
and the active element of the prooessea of anima] life 
are clearly separated and opposed to each other. The 
sensations which we feel, and the muscular action 
which we exert, may be closely and inseparably con- 
nected, yet still they are clearly distinguishable. We 
can easily in our apprehension separate the titillation 
felt in the nose on taking snuff, iiom the action of the 
muscles in sneezing; or the perception of an object 
falling towards the eye, from the exertion which shuts 
the eye-lid; although in these cases the passive and 
active part of the process are almost or quite inse- 
parable in fact. And this clear separation of the 
active irom the passive power is something, it would 
Heem, peculiar to the Animal Vital Powers; it b a 
character by which they differ, not only from mecha- 
nical, chemical, and all other merely physical forces, 
but even from Organic Vital Powers. 

7. But this diiference between the Animal and the 
Oi^ganic Vital Powers requires to be further insisted 
upon, for it appears to have been overlooked or denied 
by very eminent physiologists. For instance, Bichat 
classifies the Vital Powers aa Animal Sensibility, Ani- 
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mal Contractility, Organic Seuaibilit;, Organic Con* 

tractility. 

Now the view which aoggeHte itself to us, in agree- 
ment with what has been said, is this ; — that though 
Animal Sensibility and Animal Contractility are 
cleai'ly and certainly distinct, Organic Sensibility and 
Organic Contractility are neither separable in fiict nor 
in our conception, but together make up a single Vital 
Power. That they are not separable in feet is, indeed, 
acknowledged hy Bichat himseii'. 'The organic con- 
tractility,' he says*, 'can never be separated from the 
sensibility of the same kind; the reaction of the ex- 
creting tubes is immediately connected with the action 
which the secreted fluids exercise upon them : the 
contraction of the heart must necessarily succeed the 
influx of the blood into it.' It is not wonderfiil, there- 
fore, that it should have happened, as he complaine, 
that ' authors have by no means separated these two 
things, either in their considei'ation or in language.' 
We cannot avoid asking. Are Organic Sensibility and 
Organic Contractility really anything more than two 
different aspects of the same thing, like action and re- 
action in mechanics, which are only two ways of con- 
sidering the action which takes place at a point ; or 
like the positive and negative electricitjes, which, as 
we have seen, always .co-ejtist and correspond to each 
other 1 

8. But we may observe, moreover, that Bichat, by 
his use of the term Contractility, includes in it powere 
to which it cannot with any propriety be applied. 
Why should we aupf>ose that the vital powers of ab- 
sorption, secretion, assimilation, are of such a nature 
that the name contractility may be employed to de- 
scribe them 1 We have seen, in the last chapter, that 
the moat carefiil study of these powers leads ua to 
conceive them in a manner altogether removed from 
any notion of contraction. Is it not then an abuse of 
langoage which cannot possibly lead to anything but 
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coniVision, to write tliua'; 'The insensibte oi^pnic oon-l 
tractility k that, by virtue of which the excretingj 
tubes react upon their reapectiTe fluids, the aecrel ' 
organs upon tLe blood which flows into them, the p 
where nutrition is performed upon the nutritive juiceajfl 
and the lymphatics upon the substances which eic^ 
cite their open extremities'! In the same manner ha 
ascribes" to the peculiar sensibility of each or^an thw 
peculiarity of its products and operations. An 
creased absorption ia produced by an increased a 
ceptibility of the 'absorbent orilices.' And thus, inl 
this view, each organic power may be contemplated 9 
either as sensibility or as contractility, and may b«r.1 
supposed to be rendered more intense by magnifyin_ 
eiUier of these its aspects ; although, in fact, neitharfl 
can be conceived to be increased without an exactly f 
commensurate increase of the other, 1 

9. This opinion, unfounded as it thus appears to] 
be, that all the difierent organic vital powers are.fl 
merely different kinds of Contractility or Excitability,* 
■was connected with the doctrhiea of Brown and hial 
followers, which were so celebrated in the last century,.f 
that all diseflaes arise from increase or from diminution 1 
of the Vital Force. The considerations which haveij 
already offered themselves would lead u 
the judgment which Cuvier has pronounced upon this 1 
system. 'The theory of excitation,' he says, 'so cele-1 
brated in these later times by its influence upon patho- I 
logy and therapeutick, is at bottom only a modification 1 
of that, in which, including under a common name I 
Sensibility and Irritability,' and we may add, applyinga 
this name to all the Vital Powers, 'the speculatar-| 
takes refuge in an abstraction so wide, that if, byl 
it, he simplifies medicine, he by it annihilates ail poai- ' 
tive physiology'.' 

10. The separation of the nervous influence and I 
the muscular irritability, although it has led to many 1 
highly instructive speeuiationfl, is not without its diffi- J 
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dulties, when viewed with reference to the Idea of 
Vital Power. If the irritability of eacli muscle reside 
in the muscle itself, how does it differ from a. mere 
mechanical force, aa elasticity 1 But, in point of faet, 
it is certain that the muscular irritability of the ani- 
mti body is not an attribute of the musoie itself inde- 
pendent of its connexion with the system. No muscle, 
or other part, removed irom the tiody, long presei'ves 
its irritability. This power cannot subaiat permanently, 
except in connexion with an organic whole. This 
condition peculiarly constitutes irritebility a living 
force ; and this conditioa would be satiafied by con- 
sidering the force as derived from the nervous system; 
but it appears that though the nervous system has the 
most important influence upon all vital actions, the 
muscular irritability must needs be considered as some- 
thing distinct. And thus the Irritabilily or Contrac- 
tility of the muscle is a, peculiar endowment of the 
texture, but it is at the same time an endowment 
which can only co-exist with life ; it ia, iu short, a 
peculiar Vital Power. 

1 1. This necessity of the union of the muscle with 
the whole nervous system, in order that it may po^esa 
irritabihty, was the meaning of the true part of Stahl'a 
psychical doctrine ; and the reason why he and his ad- 
herenta persisted in asserting the power of the soul 
even over involuntary motions. This doctrine waa 
the source of much controversy in later times. 

' But,' says Cuvier", 'this opposition of opinion may 
be reconciled by the intimate union of the nervous 
substance with the fibre and the other contractile or- 
ganic elements, and by their reciprocal action ; — doc- 
trines which had been presented with so much proba^ 
bility by physiologiBta of the Scotch school, but which 
were elevated above the rank of hypotheses only by the 
obaervationa of more recent times. 

'The fibre does not contract by itself, but by the 
influence of the nervous filaments, which are always 
united with it. The change which ]>roduces the con- 
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traction cannot take place without the coucarrence offl 
both these substancee ; aod it is further necessary thafcfl 
it should be occasioned each time by an exterior caos^^ 
by a stimulant. 

'The Will ia one of theae stimulanta; but it only:! 
excites the Irritabiiity, it does not constitute itj for ii 
the case of persona paralytic from apoplexy, thelrrita-f 
l)ility remainB, though the power of the Will over ' 
gone, thua irfitahUity depends in part on the nerve, ,1 
but not on the sensibHiiy: thia last ia another pro' I 
perty, stiil more admirable and occult than the irri- 
tability; but it is only one among several functions 
of the nervous s^em. It would be an abuse of words 
to extend thia denomination to functions unacoom- 
panied by perception,' 

12. Supposing, then, that Contractility ia eata- 
blished as a peculiar Vital Power residing in the 
muscles, we may ask whether we can trace with any 
further esactneaa the seat and nature of this power. 
It would be unauiteble to the nature of the present 
work to dwell upon the anatomical discussions bear- 
ing upon thia point. I will only remark that some 
anatomiata maintain' that muscles are contracted by 
those fibres assuniiiig a zigzag form, which at firat were 
straight Others (Professor Owen and Dr. A. Thomp- 
son) doubt the accuracy of this observation ; and con- 
ceive that the muscular fibre becomes shorter and 
thicker, but does not deviate from a right line. We 
may remark that the latter kind of action appears to 
be more elementary in ita nature. We can, as a matter 
of geometry, conceive a straight line thrown into a 
zigzag shape by muscular contractions taking place be- 
tween remote parts of it; but it ia difficult to conceivQ 
by what elementary mode of action a straight fibre could 
bend itself at certain points, and at certain points only; 
since the elementary force must act at every point of 
the fibre, and not at certain selected points. 

13. A circumstance which remarkably marks the 
difference between the vital force of Contractility, in- 
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Iierent in muscles, and any merely dead or mechanical 
force, is this ; that in assuming their contractile state, 
muHctea exert a tension "which they could not them- 
aelyes support or convey if not strengthened by tfieir 
vital irritability. They are capable of raising weights 
by their exertion, which will tear them asunder when 
the power of contraclion is lost by death. This has 
induced Cuvier and other physiologists'" to believe 
' that iin the moment of action, the particles that com- 
jjoae a fibre, not only approach towards each other 
longitudinally, but that their cohesive attraction be- 
comes instantaneously much gre&ter than it was be- 
fore: for without such an increase of cohesive foixje, 
the tendency to shorten could not, as it would appear, 
prevent the fibre from being torn.' We see here the 
difficulty, or rather the impossibility, of conceiving 
muscular contractility as a m.ere mechanical force ; and 
perhaps there is little hope of any advantage by calling 
in the aid of chemical hypothesis to solve the mecha- 
nical difBculty. Cuvier conjectures that a sudden 
change in the chemical composition may thus so 
quickly and powerfully augment the cohesion. But 
we may ask, are not a chemical s^thesis and ana- 
lysis, suddenly performed by a mere act of the will, as 
difficult to conceive as a sudden increase and decrease 
of mechanical power directly produced by the same 

14. SentihUii'if. The nerves are the organs and 
channels of Sensibility. By means of them we receive 
our sensations, whether of mere pleasure and pain, or 
of qualities which we ascribe to external objects, as B> 
bitter taste, a sweet odour, a shrill sound, a red colour, 
n hai'd or a hot feeling of touch. Some of these sensa- 
tions are but obscurely the objects of our conscious- 
ness ; as for example the feeling which our feet have of 
the ground, or the sight which our eyes have of neigh- 
bouring objects, when we walk in a reverie. In these 
cases the sensations, though obscure, exist; for they 
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serve to balance and guide us as ve wb,U(. In othi 
caaee, our senaations are distinct)}^ and directly the ol>r 
jeote of our attention. 

But our Sensations, as we Imve already said, yre 
ascribe as QualitieB to external objects. By our senses 
■we perceive objects, and thus our setisaiions become 
percepliong. We have not only the aenaation of round, 
purple, and green, repeated and varied, but the percep- 
tion of a bimeh of graipes partly ripe and partly unripe. 
We have not only aensationa of noise and of variously- 
coloured Bpecks rapidly changing their places, but 
bave perceptiouB, by sound and sight, of a atone n 
ing down the hUl and crushing the shrubs in its pa 
We scarcely ever dwell upon our Sensations; i 
thoughts are employed upon Objects. We regard the 
impressions upon our nerves, not for what they tvrei, 
but for what they tdl us. 

But in what Language do the impressions uptm tha 
nerves thns speak to us of an external world, — of the 
forms and qualities and actions of objects % How ia 16 
that by the aid of our nervous system we becom.o ao- 
quainted not only with impressions but with tiiingg; 
that we leam not only the relation of objects to ua, 
but to one another? 

15. It has been shown at some length in the pre- 
vious Books, that the mode in which Sensations are 
connetrted in our minds ao as to convey to us the 
knowledge of Objects and their Eelationa, is by being 
contemplated with reference to Ideas. Our Sensations, 
connected by the Idea of Space, become Figures ; con- 
nected by the Idea of Time, they become Causes and 
Effects; connected by the Idea of Resemblance, th^ 
become Individuals and Kinds; connected by the Idea 
of Organization, they become Living Things. It has 
been shown that without these Ideas there can be 
no connezion among our sensations, and therefore no 
perception of Figure, Action, Kind, or in shorty of 
bodies under any aspect whatever. Sensations are the 
rude Matter of our perceptions; and are nothing, ex- 
cept BO far as they have Form, given them by Ideaa, 
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But thus moulded by our Ideas, Senaation Lecomea 
the source of an endless store of important Knowledge 
of every possible kind. 

1 6. But one of the most obvious uses of our per- 
ceptions and our knowledge is to direct our Actions. 
It is suitable to the condition of our being that whea 
we perceive a bunch of grapes, we should be able 
to pluck and eat the ripe ones; that when we per- 
ceive a stone rushing down the side of a hill, we 
should be able to move so as to avoid it And this 
must be done by moving our limbs ; in short, by the 
use of our muscles. And thus Sensation leads, not 
directly, but through the medium of Ideas, to mus- 
cnlar Contraction. I say that sensation and Muscular 
action are in such cases connected through the medium 
of Ideas. For when we proceed to pluck the grape 
which we see, the sensalion does not determine the 
motion of the hand by any necessary geometrical or 
mechanical conditions, as aa impression made upon a 
machine determines its motions; but the perception 
leads us to stretch forth the hand to that part of space, 
■wherever it is, where we know that the grape is ; and 
this, not in any determinate path, bu^ it may be, 
avoiding or removing intervening obstacles, which we 
also perceive. There is in every such case a connex- 
ion between the sensation and the resulting action, not 
of a material but of a mental kind. The cause and 
the effect are bound together, not by physical but by 
intellectual ties. 

1 J. And thus in such cases, between the two vital 
operations, Sensation and Muscular Action, there inter- 
venes, as an intermediate step, Perception or Enow- 
ledge, which is not merely vital but ideai. But this 
is not all; there is still another mental part of the 
procras which may be readily distinguished from that 
which we have described. An act of the WUl, a 
Volition, is that, in the Mind, which immediately de- 
termines the action of the Muscles of the Body, And 
thus Will intervenes between Knowledge and Action ; 
and the cycle of operations which taie place when 
animals act with reference to external objects is 
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this: — Sensation, Perception, Volition, Muscular Con- 
traction. 

tS. To attempt furthei' to analyse the mental part 
of this cycle does not belong to the present part of i 
work. Bnt we may remark here, oa -we have already | 
remarked in the History", how irresiatibly we are led J 
by phjeiological researches into the domain, of thought j 
and mind. We pass from the body to the soul, &om ] 
physica to metaphyaiea; from biology to psychology; I 
from things to persons ; from nouns to pronouns. I have I 
there noticed the manner in which Cuvier expressed I 
this transition by the introduction of the pronoun : ' 
'The impression of external objects upon the me, the 
production of a sensation, of an image, is a mystery 
impenetrable to our thoughts.' 

19. But to return to the merely biological part of 
our speculationa. We have arrived, it will be perceived, ■ 
at this result : that in animal actions there intervenes 
between the two terms of Sensation and Muscular 
Contraction, an intermediate process ; which may be 
described as a communication to and from a Center. The 
Center is the seat of the sentient and volent faculties, 
and is of a hf/perphyeical nature^ Bnt the exiBtence of I 
such a Center as a necessary element in the functions of ] 
the aniitud life is a trutli which is important in biology. 
This indeed may be taken as the peculiar character of ] 
animal, as distinguished from merely organic powers. 
Accordingly, it is so stated by Bichat. For although 
ho superfluously, as I have tried to show, introduces 
into lus list of vital powers an organic sensibility, he ' 
still draws the distinction of which I have spoken ; ' 
' in the animal life, Sensibility is the faculty of receiving 
an Impression plus that of referring it to a common 
Center".' 

30. But since Sensibility and Contractility are thus 
connected by reference to a common Center, we may 
ask, before quitting the subject, what are the different 
forms which this reference ossumesl Is the connexion 
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always attended by the distinct steps of Knowledge a,nd 
Will, — by a clear act of consciuuaneBa, as ill tlio case 
wMoh. we have taken, of plucking a grape ; or may 
these atepa become obscnre, or vaniah altogether 1 

We need not further illustrate the conscious con- 
nexion. Such actions a^ we have described are called 
voluntary/ actions. lu extreme cases, the mental part 
of the process is obvious enough. But we may gradu- 
ally pass from these to cases in which the mental ope- 
ration is more and more obscure. 

In walking, in speaking, in eating, in breathing, our 
muBcultir exertions are directed by our sensations and 
perceptions : yet in such processes, how dimly are we 
conscious of perceptive and directive power ! How the 
mind should be able to exercise such a power, and yet 
should be scarcely or not at all conscious of its exercise, 
is a veiy curious problem. But in all or in most of the 
instances just mentioned, the solution of this problem 
appears to depend upon psychological rather than bio- 
logical principles, and therefore does not belong to this 

21. But in cases at the other extreme (unconacioos 
actions) the mental part of the operation vanishes al- 
together. In many animals, even after decapitation, 
the limbs shrink when irritated. The motions of the 
iria are determined by the influence of light on our 
eyes, without our being aware of the motions. Here 
Sensations produce Motions, but with no trace of in^ 
tervening Perception or Will The Sensation appears 
to be r^ecledhaiik from the central element of animal 
life, in the form of a Muscular Contraction ; but in 
this case the Sensation is not modified or regulated hy 
any Idea. These reflected motions have no reference 
to relations of space or force among surrounding ob- 
jects. They are bUnd and involuntary, like the move- 
ments of convulsion, depending for direction and ajuount 
only on the position and circumstances of the limb itself 
with its musclea. Here the Centi-e from which the re- 
flection takes pl&oe is merely animal, not intellectual. 

In this case some physiologists have doubted whether 
the reflection of the sensation in the form of a muscular 
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contraction does really take place from tbe 
and have conceived that sensorial impreaBions 
affect motor nervea without any communication with 
the nerroua Center. But on this subject we may, I 
conceive, with safety adopt the daeiaion of Professor 
Mttller, deliberately given after a careful examinatioa 
of the subject : ' When impressions made by the action 
of external stimuli on senaitiTe nerves give rise to 
motions in other pajrta, these motions are never the 
result of the direct reaction of the sensitive and motor 
fibres of the nerves on each other ; the irritation is 
conveyed by the sensitive fibres to the brain and 
spinal cord, and is by these communicated to the motor 
fibres.' 

22, Thus we have two extreme cases of the con- 
nexion of sensation with muscular action ; in one of 
which the connejcion clearly is, and in the other it ea 
clearly w not, determined by relations of Ideas, in ita 
transit through the nervous Center. There is another 
highly curious case standing intermediate between these 
two, and extremely difficult to refer to either. I speak 
of the case of iTutmct. 

Instinct leads to actions which are such as if they 
viere determined by Ideas. The lamb foliowa its mother 
by instinct ; but the motions by which it does this, the 
special muscular exertions, depend entirely upon the 
geometrical and mechanical relations of external bodies, 
as the form of the ground, and the force of the wind. 
The contractions of the muscles which are requisite in 
order that the creature may obey its instinct, vary with 
every variation of these external conditions ; — are not 
determined by any rule or necessity, but by properties 
of Space and Force. Thus the action is not governed by 
Sensations directly, but by sensations moulded by Ideas. 
And the same is the case with other cases of instinct. 
The dog hunts by instinct ; but he himts certain kinds 
of animals merely, thus showing that his instinct acts 
according to Resemblances and Differences ; he crosses 
the field repeatedly to find the track of his prey by 
scent ; thus recognizing the relations of Space with 
reference to the track; he leaps, adjusting hia Force to 
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the distance and height of the leap "with mechanical 
precision ; and thtia he practically recognizes the Ideas 
of Besemblance, Space, and Force, 

But have animalH such Ideas 1 Id any proper sense 
in which we can epeak of possessing Ideas, it appears 
plain that they have not. Animals cannot, at any 
time, be said properly to possess ideas, for ideas imply 
the possibility of apeeidalive knowledga 

23. But even if we allow to n-nimalsi only the praO' 
tical possession of Ideas, we have still a great dif&culty 
remaining. In the case of man, his ideas are unfolded 
gradually by his intercourse with the external world. 
The child learns to distinguish forms and positiona by 
a repeated and incessant use of his hands and eyes; he 
learns to walk, to run, to leap, by alow and laborious 
degrees ; he distinguishes one man from another, and 
one aninial from another, only ailer repeated mistakes. 
Nor can we conceive this to be otherwise. How should 
the child know at once what muscles he is to exert in 
order to touch with hia hand a certain visible object 1 
How should he know what miiscles to exert that he 
may stand and not fall, till he has tried often 1 How 
should he learn to direct his attention to the differences 
of different feces and persons, till he is roused by some 
memory, or hope which implies memory t It seems to . 
ns as if the sensations could not, without considerable 
practice, be rightly referred to Ideas of Space, Force, 
Besemblance, and the like. 

Yet that which thus appears impossible, is in fact 
done, by animals. The lamb almost immediately atW 
its birth follows its mother, accommodating the actions 
of its muscles to the form of the ground. The chick, 
just escaped from the shell, picks up a minute insect, 
directing its beak with the greatest accuracy. Even 
the human infant seeks the breast and exerte its mus- 
cles in sucking, almost as soon as it is bom. Hence, 
then, we see that Instinct produces at once actions 
regulated by Ideas, or, at least, which takff'place as if 
they were regulated by Ideas; although the Ideas can- 
not have been developed by exercise, and only appear 
to exist so fer as such actions are concerned. 
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24. The term Imtinet may properly be opposed 
Insight. The former implies an inward principle 
action, implanted within a creature and practicallj 
impelling it, but not capable of being developed into 
a Bubject of contemplation. While the instinctiTe 
actions of fttiiiniila are directed by such a principle 
the deliberate actions of man are governed by insight ; 
he can contemplate the ideal relations un which, the 
result of hia action depends. He can in his mind map 
the path he will follow, and estimate the force he vm 
exeit, and claas the objects he has to deal with, and 
determine hia actions by the relations which he t' 
has present to his mind. Re thus possesses Ideas 
only practically, but speculatively. And knowing that!] 
the Ideas by which he commonly directs hia actional 
Space, Cause, Resemblance, and the like, hare 1 
developed to that degree of clearness in which he pos-- 
sesses them by the assiduous exercise of the senses and 
the mind from the earliest stage of infancy, and that 
these Ideas are capable of being still iiirther unfolded 
into long trains of spoculatiye truth, he is unable to 
conceive the manner in which animals possess suoh 
Ideas as their instinctive actions disclose : — Ideas 
which neither require to be unfolded hor admit of 
unfolding; which are adequate for practical purposes 
without any previous exercise, and inadequate for spe- 
culative purposes with whatever labour cultivated. 

I have ventured to make these few remarks on In- 
stinct since it may, perhaps, justly be considered as the 
last province of Biology, where we reach the boundary 
line of Psycliology. I have now, before quitting this 
fiuliject, only one other principle to speak of. 
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CHAPTER VI. 
Of the Idea of Final CAUSEa. 



1 . X) Y an examination of those notions which enter 
I I into all ouj' reaaoninga and judgments on living 
things, it appeared that we conceive animal life aa a 
voltes or cycle of moving matter in whioii the form of 
the vortex determines the motionis, and these motions 
again support the form of the vortex : the stationary 
parts circulate the fluids, and the fluids nourish the 
pennanent parts. Each portion ministers to the 
others, each depends upon the other. The parts make 
up the whole, bat the existence of the whole is essen- 
tia! to the preservation of the parts. But parts exist- 
ing under such conditions are orgaais, and the whole 
is orgmtized. This is the fundamental conception of 
organization. ' Organized beings,' says the physiologist', 
' Etre composed of a number of essential and mutually 
dependent parts.' 'An organized product of nature,' 
says the great metaphysician', 'is that in which all the 
parts are mutually ends and means.' 

z. It will be observed that we do not content our- 
selves with saying that in such a whole, all the parts 
are m-utuaUy dependent. This might be true even of 
a mechanical structure ; it would be easy to imagine a 
framework in which each part should be necessary to 
the support of each of the others ; for example, an arch 
of several stones. But in such a structure, the parts 
have no properties which they derive from the whole. 
They are beams or stones when separate ; they are no 
more when joined. But the same is not the case in an 
organized whole. The limb of an animal separated 
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from the body, loses the properties of a limb, a 
oeasea to retain even its form. 

3, Nor do we content ourselves ■with saying t 
the parts are Tnutuall^ causes and effecti. This is the 
case in mucliinery. lu a clock, the pendulum by means 
of the escapement cauaos the descoat of the veigh^ the 
weight by the same escapement keeps up the motioD, 
of the pendulum. But things of this kind may happen 
by accident. Stones slide &om a rock down the side 
of a hill and cause it to be smooth; the smoothness of 
the slope canses stones still to alida Yet no one would 
call such a shde an organized system. The system is 
organized, when the effects which take place among the 
parts are esseniiai to our coTtceptimi of the w/iole; when 
the whole would not he a whole, nor the parts, parts, 
except these effects were produced; when the effects 1 
not only happen in ^t, but are included in the idea I 
of the object ; when they stre not only seen, hut fore- 1 
seen; not only expected, but intended : in short when, I 
instead of being causes and effects, they are endi and I 
•meams, as they are termed in the above definition. 

Thus we necessarily include, in our Idea of Organi- ' 
zation, the notion of an End, a Purpose, a Design; 
or, to use another phrase which has been peculiarly I 
appropriated in this case, a Final Cause. This idea of I 
a Final Cause is an essential condition in order to the | 
pursuing our researches respecting organized bodies. 

4. This Idea of Final Cause is not deduced from | 
the phenomena by reasoning, but is as»Ui7ned a 
only condition under which we can reason on snch sub- 
jects at all. We do not deduce the Idea of Space, or ] 
Time, or efficient Cause from the phenomena about as, 
but necessarily look at phenomena as subordinate to I 
these Ideas from the beginning of our reasoning. It 
is trae, our ideas of relations of Space, and Time, and 
Force, may become much more clear by our familiariz- 
ing ourselves with particular phenomena : tut still, 
the Fundamental Ideas are not generated, but un- 
folded ; not extracted from the external world, but 
evolved from the world within. In like manner, in 
the contemplation of organic structm-es, we consider 
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^1 each part as mibservient to gome use, and 'wo cannot 
^M study the atructiire as organic without such a conception. 
^M This notion of adaptation, — this Idea of an End, — may 
^M become much more clear and impressive by seeing it 
^M exemplified in particular cases. But still, though sug- 
^H gested and evoked hy special causes, it is not furnished 
^B by them. If it be not supplied by the mind itaelf, it 
^m can never be logically deduced bom. the phenomena. 
^M It ia not a portion of the facts which we study, but it 
^m is a principle which connects, includes, and renders 
F them tntelhgihle ; a^ our other Fundamental Ideas do 
W the classes of facts to which they respectively apply. 
I 5. Tliis has already been confirmed by reference to 

r feet; in the History of Physiology, I have shown that 
thofie who studied the structure of animals were irre- 
aiatibly led to the conviction that the parts of this 
Btructuxe have each its end or purpose;— that each 
member and organ not merely produces a certain 
effect or answers a certain use, but is so framed as 
to impress us with the persuasion that it was con- 
Htnicted /or that use : — that it was intended to pro- 
duce the effect It was there seen that this persuar 
Bion was repeatedly expressed in the most emphatic 
maimer by Galen; — ^that it directed the researches and 
led to the discoveries of Harvey; — that it has always 
been dwelt upon as a favourite contemplation, and fol- 
lowed as a certain guide, by the best anatomists; — and 
that it is inculcated by the physiologists of the pro- 
fouadest views and most extensive knowledge of our 
own time. All these persons have deemed it a most 
certain and important principle of physiology, that in 
every organized structure, plant or animal, each intel- 
ligible [»rt has its allotted office: — each organ is de- 
eigued for its appropriate function : — that nature, in 
these cases, produces nothing in vain : that, in short, 
each portion of the whole arrangement has its Jmed 
cause; an End to which it is adapted, and in this End, 
the reason that it is where and what it is. 

6, This Notion of Design in organized bodies must, 
I say, be supplied by the student of organization out of 
Lis own mind : a truth which will become clearer if 
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we attend to the most conspicuouB and acknowledged 
instances of deeign. The structure of the Eye, in which 
the parts are cmiously adjusted so as to produce » dis- 
tinct image on the retina, as in an optical instnuuent; 
— the Trochlear Muscle of the eye, in which the tendon 
passes round a support and turns back, like a rope 
round a pulley; — the prospective contrivances for th» | 
preservation of animalB, provided long before they arsJ 
wanted, as the Milk of the mother, the Teeth of the I 
child, the Eyes and Lungs of the fcetua : — theee arrange- 1 
menta, and innumerable others, caU up in ua a persna- 
sion that Design has entered into the plan of animal 
form and progress. And if we briog in our minda 
this conception of Design, nothing can more fiilly 
square with and £t it, than such instances as thesei , 
But if we did not already poBseas the Idea of Design ;, 
— if we had not had our notion of mechanical con- 
trivance awakened by inspection of optical instrument^ I 
or pulleys, or in some other way; — if wo had never I 
been conscious ourselves of providing for the fiiture; — - 1 
if this were the case, we could not recognize contrir- I 
ance and prospectiveness in such instances as we hara 4 
referred to. The facts are, indeed, admirably in ao- 1 
cordance with these conceptions, when the two are ■ 
brought together: but the facts and the conceptions I 
come together iFoax different quartera — ficm without I 
and from within. 

7. We may fiirther illustrate this point by referring I 
to the relations of travellers who tell us that whea f 
consummate examples of human mechanical contriv- 
ance have been set before savages, they have ap- I 
peared incapable of apprehending them as proofs of I 
design. This shows that in such cases the Idea of I 
Design bad not been developed in the minds of 
people who were thus unintelligent; but it no 
proves that such an idea does not natui-ally and 11 
sarily arise, in the progress of men's minds, than the 
confused manner in which the same savages apprehend 
the relations of spaj;e, or number, or cause, proves that 
these ideas do not naturally belong to their intellects. 
All men have these ideas; and it is because they ci 
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not help referring their sensatioiiB to such ideas, that 
they apprehend the world as existing in time and 
apB«e, and as a geriea of causes and effects. It would 
be very erroneouH to aay that the belief of such truths 
is obtained by logicd reasoning from liusts. And in 
like manner we cannot logically deduce design from 
the contemplation of organic structures; although it ia 
impossible for us, when the facts are clearly before nu, 
not to find a reference to design operating in our minds. 
8. Again ; the evidence of the doctrine of Final 
Cautiea ua a, fundamental principle of Biology may be 
obscured and weakened in some minds by the constant 
habit of viewing this doctrine with suspicion as unphj- 
losophical and. at variance with Morphology. By che- 
tiwhing such views, it is probable that many persons, 
physiologists and others, have gradnatly brought them- 
selves to suppose that many or moat of the arrange- 
ments which are &niiliai'ly adduced as instances of de- 
sign may be accounted for, or explained away; — that 
there is a certain degree of prejudice and narrowness 
of comprehension in that lively admiration of the 
adaptation of means to ends which common minds 
derive from the spectacle of organic arrangements. 
And yet, even in persons accustomed to these views, 
the strong and natural influence of the Idea of a Final 
Cause, the spontaneona recognition of the relation of 
Means to an End as the assumption which makes or- 
ganic arrangements intelligible, breaks forth when we 
bring before them a new case, with regard to which 
their genuine convictions have not yet been modified 
by their inteUectual habits. I will offer, as an example 
which may serve to illustrate this, the discoveries re- 
cently made with regard to the process of Suckling in 
the Kangaroo. In the caae of this, as of other pouched 
animals, the young animal is removed, while very 
small and imperfectly formed, from the womb to the 
pouch, in which the teats are, and ia there placed 
with its Kps i^ainat one of the nipples. But the 
young animal taken altogether ia not so lai^e as the 
nipple, and is therefore incapable of sucking after the 
manner of common mammals. Here is a diHiculty : 
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tow is it overcome 1 — By an appropriate eonlrivanetii 
the nipple, whicli iu cominou mamirnds is not funuHhecT 
■with any muscle, ia in tta kangaroo provided with a 
powerful extmaory muacle by which the mother c 
inject the millr into the mouth of her offspring, 
again; in order to give attachment to this n 
there ia a bone which is not found in fttiim^ la of 
other kinds. But this mode of solving the probleii\ 
of suckling ho small a creature introduces another 
difficulty. If the niillr is injected into the mouth of 
the young one, without any action of its own muaolea, 
what is to prevent the fluid entering the windpipe and 
producing suffocation ) How is this danger avoided 1 — 
By another appropriate contrivance: there is a fiumel 
in the back of the throat by which the air passage ia 
completely separated from the passage for nutriment, 
and the injected milk passes in a divided stream on 
each side of the latynx to the cesophagua '. And a 
to show that this apparatus is really formed with a 
view to the wants of the young one, the struct 
alters in the course of the animal's growth ; and tha.I 
funnel, no longer needed, is modified and disappears. •] 
With regard to this and similar examples, the T&- J 
mark which I would urge is this : — that no one, how- 
ever prejudiced or unphilosophical he may in general 1 
deem the reference to Final Causes, can, at the first \ 
impression, help regarding this curious system 
rangement as the Means to an End. So contemplated, 
it becomes significant, intelligible, admirable : without j 
such a principle, it is an unmeaning complexity, a col- 
lection of conttadictioiis, producing an almost impos- ' 
sible result by a portentous conflict of chances. The i 
parts of this apparatus cannot have produced one 
ther : one part is in the mother; another part in the 
youjjg one : without their harmony they could not be' 
effective; but nothing except design can operate to 
make them harmonious. They are intended to work 
together; and we cannot resist the conviction of this 
intention, when the facts first come before us. Perhaps 
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there may hereafter be physiologists who, tracing the 
gradual development of the ports of which we have 
Npoken, and the analogies which connect them with 
the atructures of other animals, may think that this 
development, these analogies, act»unt for the confor- 
mation we have described ; and may hence think 
lightly of the explanation derived from the reference 
to final Causes. 7et surely it is clear, on a calm 
consideration of the subject, that the latter explana- 
tion is not disturbed by the former ; and that the ob- 
server's first impression, that this is ' an irrefragable 
evidence of creative foresight*,' can never be obli- 
terated j however much it may be obscured in the 
minds of those who confiiae this view by mixing it 
with others which are utterly heterogeneons to it, and 
therefore cannot be contradictory. 

g. I have elsewhere' remarked how physiologiste, 
who thus look with suspicion and dislike upon the 
introduction of Final Causes into physiology, have stiU 
been unable to exclude from their speculations causes 
ofthiskind. Thus Oabanis says', ' I regard with the 
great Bacon, the philosophy of Final Causes as sterile ; 
but I have elsewhere acknowledged that it was very 
difficult for the most cautious man never to have 
recourse to them in his explanations.' Accordingly, he 
says, ' The partisans of Final Causes nowhere find argu- 
ments so strong in fevonr of their way of looking at 
nature as in the laws which preside and the circum- 
stances of all kinds which concur in the reproduction 
of living races. In no case do the means employed 
appear so clearly relative to the end.' And it would 
be easy to find similar acknowledgments, express or 
virtual, in other writers of the same kind. Thus 
Bichat, after noting the diflerence between the oi^pinic 
sensibility by which the organs are made to perform 
their offices, and the animal sensibility of which the 
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LB center ia the seat, says', ' No dimbt it 
naked, wAy ' — that ia, bs we ehall see, for 
'the organs of internal life have received Irom nature 
an inferior degree of aeuaibilitj oidy, and whj th«^ do 
not transmit to the brain the impressions which thej' 
receive, while ail the acta of the animal life imply tbu 
transmission "i The reason is simply this, that &11 the 
phenomena which establish our connexiooB with anr- 
rounding objects ongftt to be, and are in fact, under ihe 
influence of the Will ; while all those which serve for 
the purpose of assimilation only, escape, and ouffht 
indeed to escape, such influence.' The 
assigned is the Final Cause ; which, as Bichat justly 
saya, we cannot help aaking for. 

10. Again ; I may quote from the writer last men- 
tioned another remark, which shows that in the oif^ani- 
cal sciences, and in them alone, the Idea of forces as-' 
Means acting to an End, is inevitably assumed and 
acknowledged aa of supreme authority. In Biology. 
aJone, observes Bichat^, have we to contemplate tha 
state of IXseage. ' Physiology is to the movements of 
living bodies, what astronomy, dynamics, hydraulics, 
&c., are to those of inert matter ; but these latter 
sciences have no branches which correspond to them 
as Pathology corresponds to Physiology. For the same 
reason all notion of a Medicament is repugntmt to the 
physical sciences. A Medicament has for its objedi 
to bring the properties of the system back t« their 
Natural Type ; but the physical properties never depart 
from this Type, and have no need to be brought back to 
it : and thus there is nothing in the physical scieoces 
which holds the place of Therapeutick in Physiology.' 
Or, as we might express it otherwise, of inert forcea 
we have no conception of what they tmght to do, 
except what they do. The forces of gravity, elasticity, 
affinity, never act in a diseased manner ; we never 
conceive them aa failing in their purpose ; for we do 
not conceive them as having any purpose which is 
answered by one mode of their action rather than 
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another. But with organical forces tlie caae 13 differ- 
ent ; they are nocesBarily conceived as acting for the 
preservation and development of the system in which 
they reside. If they do not do this, they fail, they 
are deranged, diseased. They have for their object 
to conform the living being to a certain type ; and if 
they cause or allow it to deviate from this type, their 
action is distorted, morbid, contrary to the euda of 
nature. And thus this conception of organized beings 
aa susceptible of disease, implies the recognition of a, 
stats of health, and of the organs and the vital forces 
as means for preserving this normal condition. The 
state of health, and of perjietual development, is 
necessarily contemplated as the Final Cause of the pro- 
cesses and powers with which the diflerent parts of 
plants and animals are endowed. 

1 1. This Idea of a Final Cause is applicable aa a 
fundamental and regulative idea to our speculations 
concerning organized creatures only. That there is a 
purpose in many other parts of the creation, we find 
abundant reason to believe, &om the arrangements 
and laws which prevail around us. But this per- 
suasion is not to be allowed to regulate and direct our 
reasoningH with regard to inorganic matter, of which 
conception the relation of nieanii and end forms no 
essential part. In mere Physics, Final Causes, aa 
Bacon has obaervedj are not to be admitted as a prin- 
ciple of reasoning. But in the organical sciences, the 
assumption of design and purpose in every part of 
every whole, that is, the pervading idea of Final Cause, 
is the basis of sound reasoning and the source of true 
doctrine. 

13. The Idea of Final Cause, of end, purjtose, 
design, intention, is altogether different from the Idea 
of C^uae, as Efficient Cause, which we tbnnerly had to 
consider; and on this account the use of the word 
Caiue in this phrase has been objected to. If the idea 
be clearly entertained and steadily applied, the word is 
a question of subordinate importance. The term Fv/tal 
Cause has been long ^miliarly used, and appears not 
likely to lead to confusion. 
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13. The consideration of Final Canaes, both 
aiology and in other subjocta, has at all times 
much attention, in consequence of ite bearing upon the 
belief of an Intelligent Author of the Unirerae. I do 
not intend, in thia place, to pursue the subject fer in 
this vieT : but there is one antithesis of opinion, 
already noticed in the History of Physiology, on whic^ 
I will again make a few remarks'. 

It has appeared to some persons that the mer&i 
aspect of order and symmetry in the works of natnre — 
the contemplation of comprehensive and consietentt- 
law — is sufficient to lead us to the conception of aii 
design and intelligence producing the order and carry-' 
iug into effect the law. Without here attempting to 
decide whether this is true, we may discern, after what: 
has been said, that the conception of Design, anived 
at in this manner, is altogether different Irom that Idea 
of Design which ia suggested to us by organized bodiea, 
and which we describe as the doctrine of Final Cause&r 
The i-egular form of a crystal, whatever beautifiil sym- 
metry it may exhibit, whatever general laws it may 
exemplify, does not prove design in the same manner in 
which design is proved by the provisions for the pre- 
servation and growth of ike seeds of plants, and of the 
young of animals. The law of universal gravitation, 
however wide and simple, does not impress us with the 
belief of a purpose, as does that propensity by whioli 
the two sexes of each animal are brought toge^er. If 
it could be shown that the symmetrital structure of a 
flower results &om laws of the same kind as those 
which determine the regular forms of cjystals, or the 
motions of the planets, the discovery might be very 
striking and important, but it woidd not at all come 
under our idea of Final Cause. 

1 4. Accordingly, there have been, in modem times, 
two different schools of physiologists, the one proceed- 
ing upon the idea of I^nal Causes, the other school 
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geekiDg in the realm of orgaoized bodies wide lawe and 
&nalogiea from which that idea is excluded. All the 
great biologists of preceding times, and some of the 
greatest of modern times, have belonged to the former 
school; and eapecially Cuvier, who may be conadered 
aa the head of it. It was twlely by tlie assiduous ap- 
plication of this principle of Final Cause, as he himself 
constantly declared, that he vas enabled to maJce the 
discoveries vrhich have rendered hia name so illustrious, 
and which contain a fiir larger portion of important 
anatomical and biological truth than it ever before fell 
to the lot of one man to contribute to the science. 

The opinions which have been put in opposition to 
the principle of Final Causes have, for the most part, 
been stated vaguely and ambiguously. Among the 
moat definite of such principles, is that which, in the 
History of the subject, I have termed the Principle of 
Metamorphosed and Developed Symmetry, upon which 
has been founded the science of Morphology. 

The reality and importance of this principle are not 
to be denied by ns ; we have shown how they are 
proved by its application in various sciences, and espe- 
cially in botany. But those advocates of this principle 
vrho have placed it in antithesis to the doctrine of 
Final Causes, have, by this means, done far more in- 
justice to their own favourite doctrine than damage to 
the one which they opposed. The adaptation of the 
bones of the skeleton to the muscles, the provision of 
fulcnmis, projecting processes, channels, so that the 
motions and forces shall be such as the needs of life 
require, cannot possibly become l^s striking and con- 
vincing, from any discovery of general analogies of one 
animal frame with another, or of laws connecting the 
development of different parts. Whenever such laws 
are discovered, we can only consider them as the means 
of producing that adaptation which we so much admire. 
Our conviction that the Artist works intelligently, is 
not destroyed, though it may be modified and trans- 
ferred, when we obtain a sight of hia tools. Our dis- 
coveiy of laws cannot contradict our persuasion of 
ends; our Morphology cannot prejudice our Teleology. 
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15. The irrmifitible and constant apprehension of a 
puruoto iu tliu foniiB and functions of animab has in- 
troJuewl iuto the writingB of Bpeculatora on these aub- 
joistN vitrioim funuB of exprexiiion, more or less predate 1 
nuini or lunti iigurative; on, that 'aQimaJx are founed I 
with a viaw to the I'art which thoy have to play;' — 
that 'nnturo dow nothing in vain;' that 'she employs 
tlie hort means for her ends;' and the like. Howeyer 
metaphorical or inexact any of these phntsea may be 
in pni'tioular, yet taken altogether, they convey, clearly 
auu dutinitely enough to preclude any serious eirour, 
Fi principle of tlie most profound reality and of the 
liighuHt iuipurtance in the orgauicul sciences. But 
Monko adherents of the morphological school of which 
I huve spokon reject, and even ridicule, all such modes 
of expruuion. 'I know nothing,' says M. Oeof&oy 
Haint llilairo, 'of animoJa which have to play a part in. 
nature, 1 oannnt make of nature an intelligent being 
who does nothing in vain^ who acts by the shortest' 
mode ; who does all for the beat.' The philosophers of thla 
Hohuol, tlierefore, do not, it would seem, feel any of the 
tidmiratiuu which is irre^atibly excited in all the rest of 
mankiud at tlie contemplation of the various and von- 
ilortiil odajitatious for the preeervatioa, the enjoyment, 
tlie continuation of the creatures which people the globe; 
— ut the survey of the mechanical contrivances, the 
chemical agencies, the prospective arrangements, tha 
oompousatious, the minute adaptations, the comprehen- 
aivo iutecdepeiideuciea, which soology and physiology 
Lavebroughtiuto view, more and more, the further their 
nsetuvlxKi have been carried. Yet the clear and deep- 
scAtod oonvictiou of the reality of these provision^ 
whieli the study of anatomy produces in its most pro- 
found and accurate cultivators, cannot be shaken by 
•uy ot^eotious to the metaphors or terms in which this 
convictiiui is dothe«l. In regard to the Idea of a Pur- 
pose iu (upuiitation, as iu rt^ard to any other idea, we 
oiuiuut taUy tjxpreea our meaning by phrases borrowed 
fruni Hiiy extraneous source ; but that im^ioesibility 
Vtinea pTcciaely from the oircumstance of its being k 
^nduueutMl Idea whicJi ia inevitably aissumed in our 
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repreaetitatioii of each special fact. The same objectiou 
has been made to the idea of mechanical /ores, ou ac- 
count of ite being ofteo expresaed in metaphorical lan- 
guage; for ■writera have spoken of an e/iergy, effort, or 
golicilatiim to motion; and bodies have been said to be 
animated by a force. Such language, it has been urged, 
implies volition, and the act of animated beings. But 
the idea of Force as distinct &om mere motion, — aa 
the Cause of motion, or of tendency to motion, — is not 
on that account leas real We endeavour in vain to 
conduct our mechanical reasonings without the aid of 
this idea, and must express it as we can. Just as 
little can we reason concerning organized beings with- 
out assuming that each part has its function, each 
function its purpose; and so &r as our phrases im- 
ply thia, they wiU not ndslead us, however inexact, 
or however figurative they be. 

16. The doctrine of a purpose in Organiaition has 
been sometimea called the doctrine of the Conditions of 
£!x{iilencB; and haa been stated as teaching that each 
animal must be so &amed as to contain in its structure 
the Conditions which its existence requires. When 
expressed in thia manner, it haa given rise to the ob- 
jection, that it merely offers an identical proposition ; 
since no animal can exist without such conditions. 
But in reality, such expressions as those just quoted 
give an inadequate statement of the Principle of a 
" Fiiiftl Cauae. For we discover in innumerable caaea, 
arrangementa in an animal, of which we see, indeed, 
that they are subservient to its well being ; but the 
nature of which we never should have been able at all 
to conjecture, firom considering what was necessary to 
ita existence, and which strike us, no less by their un- 
expectedness than by their adaptation : so far are they 
from being presented by any perceptible necessity. 
Who would venture to say that the trochlear muscle^ 
or the power of articulate speech, must occur in man, 
because they are the necessary conditions of his exist- 
ence ) When, indeed, the general scheme and mode of 
being of an animal are known, the expert and profound 
auatoniiat can reason concerning the proportions an<l 
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form of ite various parts and organs, and prove 
measure what their relationa must be. We cai 
with Cuvier, that certain forma of the viscera require 
certain forms of the teeth, certain forms of the limbs, 
certain powers of the senses. But in all thia, the funo- 
tiona of self-nutrition and digestion are supposed al- 
ready existing as ends : and it being taken for granted, 
SB the only conceivable basis of reasoning, that the 
organs are means to these ends, we may discover what 
modifications of these organs are necessarily related to 
and connected with each other. Instead of terming^ 
this rule of speculation merely 'the Principle of the 
Conditions of Existence,' we might term it 'the Prin- 
ciple of the conditions of organs as Means adapted to 
animal existence as their End.' And how &' this 
principle is from being a mere barren truism, the 
extraordinary discoveries made by the great aaaertor 
of the principle, and universaUy aaaented to by natu- 
ralists, abundantly prove. The vast extinct creation 
which is recalled to life in Cuvier's great work, the 
Ossemens Foamles, cannot be the consequence of a mere 
identical proposition. 

17, It has been objected, also, that the doctrine of 
Final Causes supposes us to bo acquainted with the 
intentions of the Creator ; which, it is insinuated, is a 
most presumptuous and irrational basis for our reason- 
ings. But there can be nothing presumptuous or irra- 
tional in reasoning on that basis, which if we reject, 
we cannot reason at alL If men really can discern, 
and cannot help discerning, a design in certain por- 
tions of the works of creation, this perception is the 
soimdest and most satisfactory ground for the convic- 
tions to which it leads. The Ideas which we neceasar- 
rily employ in the contemplation of the world around 
us, afford us the only natural means of forming any- 
conception of the Creator and Governor of the Uni- 
verse; and if we are by such means enabled to elevate 
our thoughts, however inadequately, towards Him, 
where is the presumption of doing ho ? or rather, 
where is the wisdom of retusiog'to open our minds 
to contemplations so animating and elevating, and yet 
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SO entirely comnncing? We possess the ideas of Time 
sad Space, under which all the objects of the universe 
preaent themselves to us ; and in virtue of these ideas 
thus possessed, we believe the Creator to be eternal 
and omnipotent. When we find that we, in like man- 
ner, poaaeaa the idea of a Design in Creation, and that 
■with regard to ouraelves, and creatures more or less 
resembling ourselves, we cannot but contemplate their 
constitution under this idea, we cannot abstain trom 
ascribing to the Creator the infinite profundity and 
extent of design to which all these special instances 
belong aa parts of a whole. 

18. I have here considered Design as manifest in 
organization only : for in that field of speculation it is 
forced upon us as contained in all the phenomena, and 
as the only mode of our underataudhig them. The 
existence of Final Causes has often been pointed out 
in other portions of the creation ; — for insince, in the 
apparent adaptations of the various parts of the earth 
and of the aolnr system to each other and to organized 
"beings. In these provinces of speculation, however, 
the principle of Final Causes is no longer the basis 
and guide, but the sequel and result of our physical 
reason in ga. If in looking at the universe, we follow 
the widest analogies of which we obtain a view, we 
see, however dimly, reason to believe that all its laws 
are adapted to each other, and intended to work toge- 
ther for the benefit of its organic population, and for 
the general wet&re of its rational tenants. On this 
subject, however, not immediately included in the prin- 
ciple of Pinal Causes as here stated, I shall not dwell. 
I will only make this remark ; that the assertion ap- 
pears to be quite unfounded, that as science advances 
from point to point, Final Causes recede betbre it, and 
disappear one after the other. The principle of design 
changes its mode of application indeed, but it loses 
none of its force. We no longer consider particular 
iacts aa produced by special interpositions, but we 
consider design as exhibited in the establishment and 
adjustment of the laws by which particular iacta 
are produced. We do not look upon each particular 
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cloud as brought netir us tliat it may drop fktneaa 
on otir fields ; but the general adaptation of the laws 
of beat, and air, and moigture, to the promotion of 
vt^elation, does not become doubtfiil. We do not 
consider the sun as less intended to warm and vivify 
the tribes of plants and animals, because we find tha^ 
instead of revolving round the earth aa an attendant, 
the earth along with other pLineta revolves ronnd him. 
We are rather, by the discovery of the general laws 
of nature, led into a scene of wider design, of dee^>CT 
contrivance, of more comprehensiveadjustmentB. Fmal 
causes, if they appear driven further from us by soch 
Ka extension of our views, embrace ua only with a 
VBst«r and more majestic circuit; instead of a few 
threads connecting some detached objects, they be- 
come a stupendous net-work, which is wound round 
and round the universal frame of things. 

19, I now quit the subject of Biology, and witt it 
the circle of sciences depending npon separate original 
Ideas and permanent relations. If from the general 
relations which permanently prevail and constantly 
recur among the objects ajound ns, wo turn to the 
inquiry of what has actually happened, — if from Sci- 
ence we turn to History, — we find onreelvea in a new 
field. In this region of apecuhition we can mrely 
obtain a, complete and scientific view of the connex- 
ion between objects and events. The past History 
of Man, of the Arts, of Languages, of the Earth, of 
the Solar System, ofiers a vast series of problems, of 
which perhaps not one has been rigorously solved. 
Still, man, as his speculative powers unfold themaelves, 
cannot but fee! prompted and invit«d to employ his 
thoughts even on these problems. He cannot but 
wish and endeavour to imderstand the connexion be- 
tween the successive Hnks of such chains of events. 
He attempts to form a Science which shall be appli- 
cable to each of these Histories; and thus be b^^ina to 
construct the class of sciences to which I now, in the 
last place, proceed. 
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It ia therefore, not so much what these forma of the e>rtl) I 
ftCtoaUy are, as what thej are cootinually becoming, that WB 
have to observe ; nor is it passible thus to observe them without ax 
inetinotiTe reference to the Grat state out of which they have 

been brought Yet to such questions continually suggesting 

thsmselveB, it is never possible to give a cotnplsta anawer. For 
a certun distance, the past work of exlating forces can be traced ; 
but then gradually the mist gathers, and the footatopa of more 
gigantic ^onciea are traceable in the darkness ; and still as we 
endeavour to penetrate further and further into departed time, ths,™ 
thunder of the Almighty power sounds louder and louder, i 
the clouds gather broader and more fearfully, until at last tl 
Sinai of the world is seen altogether upon a smoke, and f 
fence of its foot is reached, whore none can break through. 

RuBKiK, Modem Paint^v, VoL IV. p. UpM 
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CHAPTER L 

Or Paijetioloqical Sciences in General. 



I. T HAVE already stated in the History of ihe 
J_ Sciences', that the class of Sciences which I 
designate as PalatiologicaZ are those in which the ob- 
ject is to ascend from the present state of thin^ to a 
more ancient condition, from which the present is de- 
rived by intelligible causes. As conspiououa examples 
of this clans we may take Geology, Glossology or 
Comparative Philology, and Comparative Archieology, 
These provinces of knowledge might perhaps be in- 
telligibly described as Sistories; the Histoiy of the 
Earth, — the History of Languages, — the History of 
Arts. But these phrases would not fully describe 
the sciences we have in view; for the object to which 
we now suppose their investigations to be directed is, 
not merely to ascertain what the series of events has 
been, as in the common forms of History, but also how 
it has been brought about. These sciences are to treat 
of causes as well as of effects. Such researches might 
be termed Philosophical Sistory; or, in order to mark 
more distinctly that the causes of events are the lead- 
ing object of attention, Etiological History. But since 

' B. xviiL iDtrod. 
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it will be more convenient to describe this claao of 
sciences by a single appellation, I have taken the liberty 
of proposing to call them' the Palceliotog-ieal Sciences. 

While PatceoiUoiog}/ describes the beings which have 
lived in former ages without iuvestigftting their causes, 
and -£tiology treata of canses without distingniBhing 
historical from mechanical causation; Paitttioloffy is a 
combination of the two sciences ; exploring, by ^eana 
of the second, the phenomena presented by the fiist. 
The portions of knowledge which I include in tlda term 
are palteontclogical etiological sciences. 

2. All these sciences are connected by this bond; — I 
that they all endeavour to ascend to a past state, hf J 
considering what ia the present state of things, and 1 
what are the causes of change. Geolc^ examines the 
existiag appearance of the materiala which form the 
earth, infers from them previous conditions, and speco- 
lates concerning the forces by which one condition has 
been mode to succeed another. Another adeooe, colli- 
vated with great zeal and success in modem times, 
comparea the languages of different coontrics and na- 
tions, and by an examination of their materiAla and 
atmctore, endeavours to determine their descent &om 
one another: this science has been termed Conynira- 
tiee Pliiiology, or Ethnography ; and by the French, 
Liagui^ique, a word which we might imitate in order 
to have a. single name for the science, but the Greek 
derivative Glossology appeara to be more convenient in 
its form. The progress of the Arts (Architecture and the 
like); — how one stage of the culture produced another; 
and ho V far we can trace their maturest and niost com- 
plete condition to their earliest form in various nations; 
— ore problems of great interest belonging to another 
subject, which we may for the present term Caiapara- 
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live Arclufolog^. I have already noticed, in the Hi*- 
lory', how the researches into the origin of natural 
objects, and those relating to works of aji,, paaa by 
alight gradationa into each other; how the examina- 
tion of the changes which have affected an ancient 
temple or fortreaa, harbour or river, may concern alike 
the geologist and the antiqnaiy. Cuvier's assertion 
that the geologist is an antiquary of a. new order, is 
perfectly correct, for both are palsetiolopBta. 

3. We are very for from having exhausted, by this 
enumeration, the class of sciences which ore thus con- 
nected. We may easily point out many other subjects 
of speculation of the same kind. As we may look back 
towards the first condition of our planet, we may in 
liie manner turn our thoughts towards the first con- 
dition of the solar system, and try whether we can dis- 
cern any tracer of an order of things antecedent to that 
which is now established ; and if we find, as some great 
mathematicians have conceived, indications of an earlier 
state in which the planets were not yet gathered into 
their present forms, we have, in the pniBuit of this 
train of research, a palsBtiologioal portion of Astronomy. 
Again, as we may inquire how languages, and how 
man, Imve been diffused over the earth's surface from 
place to place, we may make the like inquiry with 
regard to the races of plants and animals, founding 
our inferences upon the existing geographical distri- 
bution of the iinimal and vegetable kingdoms ; and 
thus the Geography of Plants and of Animals also 
becomes a portion of Fahetiology. Again, as we can 
in some measure trace the progress of Ai-ts from nation 
to nation and fitim age to age, we can also pursue a 
similar investigation with respect to the progress of 
Mythology, of Poetiy, of Grovemment, of law. Thus 
the philosophical history of the human race, viewed 
with reference to these subjects, if it can give rise to 
knowledge so exact as to be properly called Science, ■ 
will supply Sciences belonging to the class I am now to 
coniiider. 
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4. It is not an arbitrary and useless proceeding to 
construct auch a Class of Sciences. For wide and Tari- 
ons aa their subjects are, it will be fouud that they 
have all certain principles, maxims, and rules of proce- 
dure in common ; and thus may reflect light upon each 
other by being ti-eated of together. Indeed it will, 
I trust, appear, that we may by anch a juxtapositioii 
of different speculations, obtain most salutary lessons. 
And questions, which, when viewed as they first pre- 
sent themselves under the aspect of a special science, 
disturb and alarm men's minds, may perhaps be con- 
templated more calmly, as well as more clearly, when 
they are considered as general problems of paltetitH 

logy- 

5. It will at once occur to the reader that, if we 
include in the circuit of our classification such subjects 
as have been mentioned, — politics and law, mythology 
and poetry, — we are travelling very far beyond the 
material sciences within, whose limits -we at the outset 
proposed to confine our discussion of principles. But 
we shall remain Mthfiil to our original plan ; and for 
that piirpose shall confine ourselves, in this work, to 
those paltetiological sciences which deal with mataiaJ 
things. It is true, that the general principles and 
maxims which regulate these sciences apply also to in- 
vestigations of a parallel kind respecting the prodacts 
which result fi^jm man's imaginative and social endow- 
ments. But although there may he a similarity in the 
general form of such portions of knowledge, their ma- 
terials are so different from those with which we have 
been hitherto dealing, that we cannot hope to take 
them into our present account with any profit. lan- 
guage, Government, Law, Poetry, Ajrt, embrace a num- 
ber of peculiar Fundamental Ideas, hitherto not touched 
upon in the disquisitions in which we have been en- 
gaged; and most of them, involved in iar greater per- 
plexity and ambiguity, the subject of controversies fer 
more vehement, than the Ideas we have hitherto been 
examining. We must therefore avoid resting any part 
of our philosophy upon sciences, or supposed sciences, 
which treat of such subjects. To attend to this caution, 
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ia the only way in which we can eecure the advantage 
we projMwed to ourselves at the outset, of taking, aa 
the basis of our speculations, none but systems of un- 
(liaputed truths, clearly understood and expressed*. 
We have already said that we must, knowingly and 
voluntarily, resign that livelier and warmer interest 
which doctrines on subjects of Polity or Art possess, 
and content ourselves with the cold truths of the 
material sciences, in order that we may avoid having 
the very foundations of our philosophy involved in con- 
troversy, doubt, and obscurity, 

6. We may remark, however, that the necessity of 
rejecting from our sm-vey a large portion of the re- 
BMTches which the general notion of Palsetiology in- 
cludes, suggests one consideration which adds to the 
interest of our task. We began our inquiry with the 
trust that any sound views which we should be able 
to obtain respecting the nature of Truth in the phy- 
sical sciences, and the mode of discovering it, must 
also tend to throw light upon the nature and pro- 
specta of knowledge of all other kinds; — must be 
useful to us in moral, political, and philological re- 
searches. We stated this as a confident anticipation ; 
and the evidence of the justice of our belief ab'eady 
b^fina to ap]iear. We have seen, in the last Book, that 
biology leads us to psychology, if we choose to follow 
the path; and thus the pass^e irom the material to 
the immaterial hajs alrefidy unfolded itself at one point ; 
and we now perceive that there are several large pro- 
vinces of speculation which concern subjects belonging 
to man's immaterial nature, and which are governed 
by the same laws as sciences altogether physical It 
is not our buidness here to dwell on the prospects 
which our philoaophy thuB opens to our contempla- 
tion; but we may allow ourselves, in this last stage 
of our pilgrimage jwnong the foundations of the phy- 
sical sciences, to be cheered and animated by the ray 
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that thus beams upon ns, however dimlj, finom a 
hi^er and bri^ter i^on. 

But in our reasofningB and examples we shall mainl j 
confine onraelyes to the physical sciences; and for ihe 
most part to Greology, which in the History I have pot 
forwards as the best r^resentative of the Palietiolo- 
gical Sdenoes. 



CHAPTER n. 



I. Divisions of »uch Seieneea. — In each of the Sci- 
ences of thia class we consider some particular ordev 
of phenomena now existingr — from our knowledge of 
the causes of change among such phenomena, we endea- 
■vonr to infer the causes which have made thia order of 
things what it is ; — we ascend in tliis manner to some 
previous stage of such phenomena ; — and from that, by 
a similar course of inference, to a still earlier stage, 
and to its causes. Hence it will be seen that each 
such science will consist of two partB,^th6 knowledge 
of the Phenomena, and the knowledge of their Causes. 
And such a division ia, in fact, generally recognized 
in such Bciencea : thus we have History, and the Phi- 
losophy of History; we have Comparison of lan- 
guages, and the Theories of the Origin and Progress 
of Language ; we have Descriptive Geology, and 
Theoretical or Physical Gfeology. In all these cases, 
the relation between the two parts in these several 
provinces of knowledge is nearly the same; and it may, 
on some occafdons at least, be use^ to express the 
distinction in a uniform or general manner. The in- 
vestigation of Causes has been termed jEtiology by 
philosophical writers, and this term we may use, in 
contradistinction to the mere Phtnomenology of each 
such department of knowledge. And thus we should 
have Phenomenal Gmlogy and jEtiological Geology, for 
the two divisions of the science which we have above 
termed Degeriptwe and Theoretieal Geology. 

3. The StvAy of Cattgea. — But our knowledge re- 
specting the causes which actually have produced any 
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order of phenomena must be anived at by ascertain- 
ing wbat the causes of change in such mattflra ea/n 
do. In order to ]earn, for example, what share earth.-- 
quakes, and Tolcaaoes, and the beating of 
against its shores, ought to have in our Theoiy d 
Geology, we must make out what eSecta these egentq 
of chajige are able to produce. And thia most \ ' 
done, not hastily, or uusyatematically, but in a care<9 
fill and connected manner; iji short, this study 
the causes of change in each order of phenomena mnali H 
become a distinct body of Science, wluch must include 
a large amount of knowledge, both comprehensive and 
precise, before it can be applied to the construction of 
a theory. We must have an -SItiology corresponding. 
to each order of phenomena, _ J 

3. Etiology. — In the History of Geology, I haffH 
spoken of the necessity for such an .i^tiology witlM 
regard to geological phenomena : this neeeBsity I have" 
compared with that which, at the tinie of Kepler, re- 
quired the formation of a separate science of Dyoamits 
(the doctrine of the Causes of Motion), before Phymcal 
Astronomy could grow out of Phenomenal Astronomjij 
In pursuance of this analogy, I have there given (J 
name of Geological Itt/namics to the scie 
treats of the causes of geological change i 
But, as I have there intimated, in a large portion a 
the subject the changes are so utterly different ii 
nature from any modification of motion, that the tena.il 
Dytiamicg, so applied, sounds harsh and strange. EotJ 
in this science we haye to treat, not only of the si ' ' 
raneoufl forces by which parts of the earth's era 
shaken, elevated, or ruptured, but also of the eg 
■which may change the climate of a portion of the! 
earth's surface, making a country hotter or colder thaaf 
in former ages; again, we have to treat of the c 
which modify the forms and habits of animals Bsd 
v^etables, and of the extent to. which the effects of 
such causes can proceed; whether, for instance, they 
can extinguish old species and produce new. These 
and other similar investigations would not be naturally 
■ included in the notion of Dynamics; and therefore it ^ 
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might perhaps be bett«r to use the term ^■Etiology 
when we wish to group together all those researches 
which have it for their object to determine the lawB 
of such changes. In the some manner the Compeirison 
and History of Languages, if it is to lead to any 
stable and exact knowledge, must have appended to 
it an Etiology, which aims at determining the nature 
and the amount of the causes which really do produce 
changes in langnage; aa colouization, conquest, the 
mixtnre of races, civilization, literature, and the like. 
And the same rule applies to all sciences of this class. 
We shall now make a few remarks on the charac- 
teristica of such branches of science as those to which 
we are led by the above conaiderationa, 

4. Phenomenology requires ClaasijicaZvm, Pkmome- 
Tial Geology. — The Phenomenal portions of each science 
imply Classification, for no descriptian of a large and 
varied mass of phenomena can be useful or intelligible 
without classification. A representation of pheno- 
mena, in order to answer the purposes of science, must 
be systematic. Accordingly, in giving the History of 
Descriptive or Phenomenal Geology, 1 have called it 
Sygtemaiio Geology, just as Classificatory Botany is 
termed Hyetematic Botany. Moreover, as we have 
already seen. Classification can never be an arbitrary 
process, but always implies some natural connexion 
among the objects of the same Class; for if this con- 
nexion did not exist, the Classes could not be made the 
subjects of any true assertion. Yet though the classes 
of phenomena which our Bystem acknowledges must bo 
su^ as already exist in nature, the discovery of these 
classes is, for the most part, very far from obvious or 
easy. To detect the true principles of Natural Classes, 
and to select marks by which these may be recognized, 
are steps which require genius and good fortune, and 
which fall to the lot only of the most eminent persons 
in each science. In the History, I have pointed out 
Werner, William Smith, and Cuvier, as the three 
great authors of Systematic Geology of Europe. The 
mode of classifying the materials of the earth's sur- 
face which was found, by these pbOosophera, fitted to 
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enunciate anch general facta es came under their no- 
tice, was to consider the rocks and other materials 
divided into successive layers or strata, superimposed 
one on another, and variously inclined and broken. 
The German geologist distinguiahed his strata for the 
most part by their mineralogical character ; the other 
two, by the remains of animals and plants which the 
rocks contained. After a beginning had thuB been 
made in giving a genuine scientilic form to phenomenal 
geology, other steps followed in rapid succession, as has 
already been related in the History'. The Classifica- 
tion of the Strata was fixed by a suitable Nomencla- 
tura Attenipta were made to apply to other countries 
the order of strata which had been found to prevail in 
that first studied: and in this manner it was ascer- 
tained what rocks in distant regions are the synonyms, ' 
or Equivalents', of each other. The knowledge thus 
collected and systematized was exhibited in the form 
of Geological Maps. 

Moreover, among the phenomena of geology we havs 
Laws of Nature as well as Classes. The general form 
of mountain-chains; the relations of the direction and 
inclination of different chains to each other ; the gene- 
ral features of mineral veins, faults, and fissures ; the 
prevalent characters of slaty cleavage ; — were the sub- 
jects of laws established, or supposed to be established, 
by extensive observation of facte. In like manner tha 
organic fossils discovered in the strata were found to 
follow certain laws with reference to the climate which 
they appeared to have lived in ; and the evidence which 
they gave of a regular zoological development. And 
thus, by the assiduous labours of many accomplished 
and active philosophers, Descriptive or Phenomenal 
was carried towards a state of complete- 



5. Pkenomenol Uranography. — In like 11 
other palstiological researches, as soon as they ap- 
proach to an exact and scientific form, we find the 
necessity of constructing in the first place a science of ^ 
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claaaification and exact description, b}* menuB of which 
the phenomena may be correctly represented and com- 
pared ; and of obtaining by this step a solid basis for 
an inquiry into the cauaea which have produced them. 
Thus the PalEetiology of the Solar System has, in recent 
times, drawn the attention of speculators; and a hypo- 
thesis has been started, that our sun and his attendant 
planets have been jffoduced by the condensation of a 
mass of difuaed matter, such as that which constitutes 
the nebulous patches which we observe in the stany 
heavens. But the sagest and most enlightened a3tn>' 
nomei-s have not foiled to acknowledge, that to verify 
or to disprove this conjecture, must be the work of 
many ages of observation and thought. They have 
perceived also that the first step of the labour requi- 
site for the advancement of this portion of science 
must be to obtain and to record the moat exact know- 
ledge at present within our reach, respecting the phe- 
nomena of these nebulw, with which we thus compsj-e 
our own system ; and, as a necessary element of such 
knowledge, they have seen the importance of a classi- 
fication of these objects, and of others, such as Double 
Stars, of the same kind. Sir William Herschel, who 
first perceived the bearing of the phenomena of nebulie 
upon the histoiy of the solar system, made the obser- 
vation of such objects his business, with truly admi- 
rable zeal and skill; and in the account of the results 
of his labours, gave a classification of Nebulae ; sepa- 
rating them into, first, ClvMera of Stars; second, 
Seiolvable /febulce; third, Priyper Ndndie; fourth, 
Planetary Ntindce; fifth. Stellar Ntimlas; sixth, N^nt- 
loua Stars'. And since, in order to obtain from these 
remote appearances, any probable knowledge respect- 
ing our own system, we must discover whether they 
undergo any changes in the course of ages, he devoted 
himself to the task of forming a record of their num- 
ber and appearance in his own time, that thus the 
astronomers of succeeding generations might have a 



PHILOSOPHY OP PALJITIOLOGT. 



definite and exact standard with which to coinpare 
their observations. Still, this task ■would have been 
executed only for that part of the heavens which is 
visible in this country, if this Hipparohus of the 
NebuliB aad Double Stars had not left behind him 
a Bon who inherited aJl his father's Keal and more 
than his father's knowledge. Sir John Herschel in 
1833 went to the Cape of Good Hope to complete 
what Sir William Herschel left wantmg; and in the 
course of five years observed with care all the nebulia 
and double st^ of the Southern hemisphere. This 
great Hergeheliaai Survey of ike Heavens, the comple- 
tion of which ia the noblest monument ever erected by 
a son to a father, must necessarily be, to all ages, the 
basis of all speculationB concerning the history and 
origin of the solar ayatem; and has completed, so far 
as at present it can be completed, the phenomenal por- 
tion of Astronomical Palsetiology. 

6. Phencrmenal Geography 0/ Pltmts cmd Animals. 
— Again, there ia another Palretiologicfll Science, 
cloaely connected with the speculations forced upon 
the geologist by the organic fossils which he discovers 
imbedded in the strata of the earth; — namely, the 
Science which has for its object the Causes of the 
Kffuaion and Distribution of the various kinds of 
Plants and Animals. And the science also has for 
its first portion and indispensable foundation a de- 
scription and classification of the existing phenomena. 
Such poi-tions of science have recently been cultivated 
with great zeal and succesa, under the titles of the 
Geography 0/ Plants, and the Oeogrofhy 0/ Animals. 
And the results of the inquiries thus undertaken have 
assumed a definite and scientific form by leading to a 
division of the earth's surfiice into a certain number of 
botanical and zoological Provinces, each province occu- 
pied by its own peculiar vegetable and ajiimal population. 
We find, too, in the couree of these investigationa, 
various general laws of the phenomena offered to our 
notice ; such, for instance, as thia : — that the difi'erence 
of the animals originally occupying each province, 
which is clear and entire for the higher orders of 
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animals and plants, becomes more doubtful and in' 
distinct when we descend to the lower kinds of or- 
ganimtions ; as Infusoria and Zoophytes' in the animal 
kingdom, Grasses and Mosses among Tegetables. Again, 
other laws discovered by those who have studied the 
gec^raphy of plants are these : — that countries sepa- 
rated &om each other by wide tr^ts of sea^ as the 
opposite shores of the Mediterranean, the islands of 
the Indian and Pacific Oceans, have usually much that 
is oonunon in their vegetation: — and again, that in 
parallel climates, analogous tribes replace each other. 
It would be easy to adduce other laws, but those 
already stated may serve to show the great extent of 
the portions of knowledge which have just been men- 
tioned, even considered as merely Sciences of Pheno- 

7. Phtnomeruil Glogsology. — It is not my purpose 
in the present work to borrow my leading illustrations 
fiwm any portions of knowledge but those which are 
concerned with the study of material nature; and I 
shall, therefore, not dwell upon a branch of research, 
mngularly interesting, and closely connected with the 
one just mentioned, but dealing with relations of 
thought rather than of things; — I mean the Falietio- 
logy of Language; — the theory, so far as the facts 
enable us to form a theory, of the caiises which have 
led to the resemblances and differences of human speech 
in various regions and various ages. This, indeed, 
would be only a portion of the study of the history 
and origin of the diffusion of animals, if we were to 
include man among the animals whose dispersion we 
thus investigate; for language ia one of the moat cleai" 
and imperishable records of the early events in the 
career of the human race. Bnt the peculiar nature of 
the &culty of speech, and the ideas which the use of it 
involves, make it proper to treat Glossology a& a dis- 
tinct science. And of this science, the first part must 
necessarily be, as in the other sciences of this order, a 
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cloHBificntioa and comparison of languages governed in 
muny reapecte by the aame rules, and presenting the 
same dffieulties, as other aciences of cla^ificatjon. 
Such, accordingly, has been the procedure of the most 
philosophical glossologists. They have been led to 
throw the languages of the earth into certain large 
classes or Famatiet, according to various kinds of re> 
semblance; as the Sentitie Family, to which belong 
Hebrew, Arabic, Chaldean, Syrian, Phcenician, Ethio- 
pian, and the like j the Indo-£wropean, which includes 
Sanskrit, Persian, Greek, Latin, and German; the 
Monotfyllahie languages, Chinese, Tibetan, Birman, 
Siamese ; the Poly»ynthetic languages, a class inclnding 
moat of the North- American Tndian dialects; tad 
others. And this work of classification has been the 
result of the labour and study of many very profound 
linguists, and has advanced gradually from step to 
step. Thus the Indo-European Family waa first formed 
on an observation of the coincidences between Sanskrit, 
Greek, and Latin ; but it was soon found to include 
the Teutonic languages, and more recently Dr. Pri- 
chard* has shown beyond doubt that the Celtic must 
be included in the same Family. Other general reeem' 
blances and differences of languages have been marked 
by appropriate terms: thus August von Schlegel has 
denominated them gj/nthetiixU and analyticai, accord- 
ing as they form their conjugations and declensions by 
auxiliary verbs and prepositions, or by changes in the 
word iteelf: and the polyaynthetic languf^es are so 
named by M. Duponceau, in consequence of their still 
more complex mode of inflexion. Nor are there want- 
ing, in this science also, general laws of phenomena ; 
such, for instance, is the curious rule of the inter- 
change of consonants in the cognate words of Greek, 
Gothic, and German, ■which has been discovered by 
James Grimm. AH these remarkable portions of know- 
ledge, and the great works which have appeared cm 
Glossology, such, for example, as the MiDiridates of 
Adehuig and Yater, contain, for their largest, and 

' Dr PrichMd, On Un Ba^tm Origin of lite Cefrfc JTaMoin. 1831. 
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hitherto probably their most valuable part, the pheno- 
menal portion of the siiience, the comparison of lan- 
guages as thej DOW are. Azid beyond aJl doubt, until 
we have brought this CknaparatiTe Philology to a con- 
aiderable degree of completeness, all our Hpeculationa 
respecting the causes which have operated to produce 
the languages of the earth must be idle and unaubstan- 

Thua ia all Palsetiologjcal Sciences, in all attempts to 
trace back the history and discover the origin of the 
present state of things, the portion of the science which 
must lirst be formed is that which classifies the pheno- 
mena, and discovers general laws prevailing among 
them. When this work is performed, and not till 
then, we may begin to speculate auccesafully concern- 
ing causes, and to make some progress in our attempts 
to go back to an origin. We must have a Phenomenal 
science preparatory to each ^tioloffieai ona 

8. The Study of Fkenomena leads to Theory. — As 
we have just said, we cannot, in any subject, speculate 
succefisMly concerning the causes of the present state 
of things, till we have obtained a tolerably complete 
Eutd systematic view of the phenomena. Yet in reality 
men have not in auy instance waited for this complete- 
ness and system in their knowledge of facta before 
they have b«^u to form theories. Nor was it natural, 
considering the speculative propensities of the human 
mind, and how incessantly it is endeavouring to apply 
the Idea of Cause, that it should thus restrain itself. 
I have already noticed this in the Hiatoiy of Geology. 
'While we have been giving an account,' it is there 
said, 'of the objects with which Descriptive Geology is 
occupied, it must have been felt bow difficult it is, in 
contemplating auch facts, to confine ourselves to de- 
scription and classification. Conjectures and reason- 
ings respecting the causes of the phenomena force 
themselves upon us at every step ; and even influ- 
ence our classification and nomenclature. Our De- 
scriptive Geology impels us to oonatnict a Physical 
Geology.' And the same is the case with regard to 
the other subjects which I have mentiiMied. The mere 
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consideration of the different degrees of condensBitioTi of 

different Nebulie led Herschel and Laplace to contem- 
plate the hypothesis that our solar aystem is a con- 
densed Nebula. Immediately upon the division of the 
earth's surface into botanical and zoological provincee, 
and even at an earlier period, the opposite hypotheses 
of the Origin of all the animals of each kinii from a 
single pair, and of their original diffusion all over the 
earth, were under disouaaion. And the conHderation 
of the families of languages irresistibly led to specula- 
tions concerning the Families of the earUest humaji 
inhabitants of the earth. In all cases the coutempla- 
tion of a very few phenomena, the discovery of a very 
few steps in the history, made men wish for and at- 
tempt to form a theory of the hiatoiy from the very 
beginning of things. 

9. No sawnd T}teory withmU jEtiology. — But though 
man is thus impelled by the natural propensities of his 
intellect to trace each order of things to its causes, he 
does not at first discern the only sure way of obtaining 
such knowledge : he does not suspect how much labour 
and how much method are requisite for success in this 
undertaking : he ia not aware that for each order of 
phenomena he must construct, by the accumulated re- 
sults of multiplied observation and distinct thought, a 
separate ^Etiology. Thus, as I have elsewhere re- 
marked°, when men had for the first time become 
acquainted with some of the leading phenomena of 
Geology, and had proceeded to speculate concerning 
the past changes and revolutions by which such resnlbs 
had been produced, they forthwith supposed themselves 
able to judge what would be the effects of any of the 
obvious agents of change, as Water or Volcanic Fira It 
did not at first occur to them to suspect that their 
common and extemporaneous judgment on such points 
was byno means sufficient for sound knowledge. They 
did not foresee that, before they could determine what 
share these or any other causes had hod in producing, 
the present condition of the earth, they must create 



I 



r 



MEMBERS OF A PAL^TIOIOGICAL SCIENCE. 273 



B Special science whoBC object should be 
the general Uws and effects of mich asmuned causes; 
— that before thej could obtain any soimd Geolo- 
gical Theory, they must carefully cultivate Geological 
jEtioIogy. 

The same disposition to proceed immediately from 
the fecta to the theory, without couHtructing, ea an in- 
termediate step, a Science of Causes, might be pointed 
out in-the other sciences of this order. But in all of 
them this errour has been corrected by the failures to 
which it led. It soon appeared, for instance, that a 
more careful inquiry into the effects which climate, 
food, habit and circumstances can produce in animals, 
was requisite in order to determine bow the diversities 
of animals in different countries have originated. The 
j^tiology of Animal Life (if we may be aUowed to 
give this name to that study of such causes of change 
which is at present so zealously cultivated, and whidt 
yet has no distinctive designation, except 80 &r aa it 
coincides with the Organic Geological Ihpiamiea of our 
Hiatory) is now perceived to be a necessary portion of 
all attempts to construct a history of the earth and its 
inhabitants. 

10. Cause, in PalcBtiology, — We are thus led to 
contemplate a class of Sciencea which are conunenced 
with the study of Causes. We have already consider- 
ed sciences which depended mainly upon the Idea of 
Cause, namelyi the Mechanical Sciences. But it is 
obvious that the Idea of Cause in the researches now 
under our consideration must be employed in a very 
different way from that in which we applied it for- 
merly. Force is the Cause of motion, because force 
at all times and under all circumstances, if not counter- 
acted, produces motion; but the Cause of the present 
condition and elevation of the Alps, whatever it was, 
was manifested in a aeries of events of which each hap- 
pened but once, and occupied its proper place in the 
aeries of time. The former is meehmic^, the latter 
historieal, cause. In our present investigations, we 
consider the events which we contemplate, of whatevei' 
order they be, as forming a chain which is extended 
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irom the beginniiig of things down to the present time ; 
and the causes of which, we now speak are those which 
connect the successive links of this chain. Evei^ 
currence 'which has taken place in the history of the 
solar system, or the earth, or its vegetable and animal 
creation, or ma-n, has been at the same time eSect and 
cause; — the effect of what preceded, the cause of what 
succeeded. By being effect and cause, it has occupied 
some certain portion of time; and the times which 
have thus been occupied by eifocts and causes, sum- 
med up and token altogether, make up the total of 
Past Time. The Past has been a series of events con- 
nected by this historical causation, and the Present is 
the last term of this series. The problem in the FsJie-' 
tiological Sciences, with which we are here concerned, 
is, to determine the manner in which each term is de-{ 
rived from the preceding, and thus, if possible, to cal* 
culate backwards to the origin of the series, 

II. Varicma kinds of Cause. — Those modes hf 
which one term in the natural series of events 
derived from another, — the forms of historical causa- 
tion,— the kinds of connexion between the links 
the infinite chain of time, — are very various ; nor ne 
we attempt to enumerate them. But these kinds 
causation being distinguished &om each other, and 
separately studied, ea«h becomes the subject 
separate etiology. Thus the causes of change : 
earth's surface, residing in the elements^ fire and watery 
form the main subject of Geological j^tiology. The 
.iEtiology of the vegetable and animal kingdi 
tigates the causes by which the forms and distribution 
of species of plants and animals are affected. The 
study of causes in Glossology leads to an .^Hiology of 
Ijanguage, which shall distinguish, analyse, and esti- 
mate the causes by which certain changes are produced 
in the languages of nations; in like manner we may 
expect to have an Etiology of Art, which shall 
scrutinise the influences by which the various forma of 
art have each given birth to its successor : by which, 
for example, there have been brought into being those 
various forms of architecture which we term Egyptii 
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Doric, Ionic, Roman, Byzantine, Romanesque, Gothic, 
Itelian, Elizabethan. It is ea^y ee«n by thia slight 
suiTey how manifold and diverse are the kinds of 
came which the PalietiologicaJ Sciences bring under 
OUT consideratioo. But in each, of those sciences we 
shall obtAin solid and complete systems of knowledge, 
only ao fer aa we study, with steady thought and 
cace&I observation, that peculiar kind of cause which 
Ib appropriate to the phenomena under our conaidera- 

13. Hypothetical Order of Palaiiological Causes. — 
The various kinds of historical cause are not only con- 
nected with each other by their common bearing upon 
the historical sciences, but they form a kind of pro- 
gression which we may represent to ourselves SiS having 
acted tn gurxession in the hypothetical history of the 
earth and its inhabitants. Thus assuming, m^^y as a 
momentary hypothesis, the origin of the Solar System 
by the condensation of a !Nebu.la, we have to contem- 
plate, first, the causes by which the luminous in- 
candescent difiused mass of which a nebula is supposed 
to be constituted, is gradually condensed, cooled, 
collected into definite masses, solidified, and each 
portion made to revolve about ita axis, and the 
whole to travel about another body. We have no 
difficulty in ascribing the globtdar form of each maaa 
to the mntual attraction of its particlea ; but when 
this form was once assumed, and covered with a solid 
cruat, are there, we may ask, in the constitution of 
such a body, any causes at work by which the crust 
might be again broken up and portions of it displaced, 
and covered with other matter! Again, if we can thus 
explain the origin of the Earth, can we with like suc- 
cess account for the presence of the Atmosphere and 
ttie "Waters of earth and ocean? Supposing this done, 
we have then to consider by what causes such a body 
could become stocked with vegetable and animal Life; 
for there have not been wanting persons, extravagant 
speculators, no doubt, who have conceived that even this 
event in the history of the world might be the work 
of natural causes. Supposing an origin given to life 
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upon, our earth, we Lave then, larought before 
geological obaei'vationa, a series of diiFerent ibi 
vegetable and animal existence; OGCuning ia different 
Btr&ta, and, as the phenomena, appear irresistibly to 
prove, existing at successive periods : and. we are com- 
pelled to inquire what can have been the causes by 
wliich the forms of each period have passed into those 
of the next. We find, too, that strata, wliich must 
have been at first horizontal and continuous, have 
undergoDe enormous dislocations and ruptures, and we 
have to consider the possible effect of aqueous and 
volcanic causes to produce such changes in the earth's 
cnist. We Bie thus led to the causes which have 
produced the present state of things on the earth ; and 
these are caiises to which we may hypotheticaJly 
ascribe, not only the form and position of the inert 
materials of the earth, but also the nature and distri- 
bution of its animal and vegetable population. Mtut 
too, no less than other animals, is affected l:^ tha; 
operation of such causes as we have referred to, and^ 
must, therefore, be included in such speculations. But- 
man's history only begins, where that of other animals 
ends, with his mere existence. They are stationary, 
he is progressive. Other species of unima.la , once 
brought into being, continue the sam.e through all 
ages ; man is changing, fi-oui age to age, his language, 
his thoughts, his works. Yet even these changes are 
bound together by laws of causation ■ and these canaea 
too may become objects of scientific study. And auobi' 
causes, though not to be dwelt upon no 
permit ourselves to found our philosophy upon thai 
material sciences only, must still, when treated scienf,^ 
tifically, fall within the principles of our philosophy, 
and must be governed by the same general rules to 
which all science is subject. And thus we are led by 
a close and natural connexion, through a series of 
causes, extending from those which regulate the imper- 
ceptible changes of the remotest nebulte in the heavens, 
to those which determine the diversities of language, 
the mutations of art, and even the progress of civiliza^ 
tion, polity, and literature. 
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WLile I hare been speaking of this supposed seriea 
(if events, including in its coui-se the formation of the 
earth, the introduction of animal and yegetable life, 
and the reToIutions by which one collection of species 
haa succeeded another, it must not be forgotteii, that 
though I have thus hypothetically spoken of these 
©Tents as occurring by force of natural causes, this has 
been done only that the true efficacy of such causes 
might be brought under our t^onidderation and made 
the subject of scientific examination. It may be foiind, 
that such occurrences as these are quite inexplicable 
by the aid of any natural causes with which we are 
acquainted ; and thus, the result of our investigations, 
conducted with strict regard to scientific piinciples, 
may be, that we must either contemplate supernatural 
influences as part of the past series of events, or declare 
ourselves altogether unable to form this series into a 
connected chain. 

13, JIfode of Ctdtivating Etiology: — In Geology. — 
In what manner, it may be asked, is ^tioli^y, with 
r^Md to each subject such aa we have enumerated, to 
be cnltivated) In order to answer this question, wo 
must, according to our method of proceeding, take the 
most Bucceeafid and complete examples which we pos- 
sess of such portions of science. But in truth, we can 
as yet refer to few examples of this kind. In Geo- 
logy, it is only very recently, and principally through 
the example and influence of Sir Charles Lyell, that 
the .Etiology haa been detached from the descriptive 
portion of the science; and cultivated with direct 
attention : in other sciences the separation has hai^y 
yet been made. But if we examine what has already 
been done in Greological .etiology, or as in the History 
it is termed, Geological Dynamir^, we shall find a 
number of different kinds of investigation which, 
by the aid of our general prindples respecting the for- 
mation of sciences, may suffice to supply very useful 
suggestions for .(Etiology in general 

In Geological jEtiology, causes have been studied, in 
many instances, by attending to their action in the phe- 
a of the present state of things, and by inferi'ing 
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&om this the nature and extent of the action irhitA 
they may hare exercised in former times. Thia haa 
been done, for example, by Vou Hoff, Sir Charles Lyell, 
and others, irith regard to the operatioDS of rivers, aeaa, 
spring?, glaciers, and other ac|uecia8 causes of change^ 
Again, the same course haa been followed by the same 
philosophers with respect to volcanoes, earthquakes, and 
other violent agents. Sir Charles Lyell has attempted 
to show, too, that there take place, in onr awn time, 
not only violent agitations, but slow motions of parts 
of the earth's crust, of the same kind and order with 
those which have assisted in producing all anterior 
changes. 

But while we thus seek instruction in tbe pheno- 
mena of the present state of things, we are led to the 
question. What are the limits of this ' present' periodt 
For instance, among the currents of lava which we 
trace as part of the shores of Italy and Sicily, wkicA 
shall we select as belonging to the existing order of 
things t In going backwsrds in time, where shall we 
draw the line i and why at such particular point I 
These questionB are important, for our estimate of the 
efficacy of known causes will vary with the extent of 
the effects which we ascribe to them. Hence the mode 
in which we group together rocks is not only a step in 
geological classification, but is also important to .etio- 
logy. Thus, when the vast masses of trap i-ocks in the 
Western Isles of Scotland and in other countries, which 
had been maintained by the Wemerians to be of aque- 
ous origin, were, principally by the sagacity and in- 
dustry of Maceulloch, identified as to their nature with 
ihe products of recent volcanoes, the amount of efieot 
which might justifiably be ascribed to volcanic agency 
was materially extended. 

In other cases, instead of observing the current 
efiects of our geological causes, we have to estimate the 
results from what we know of the causes themselves; 
as when, with Herschel, we calculate the alterations 
in the temperature of the earth which astronomical 
changes may possibly produce; or when, with Fourier, 
we tiy to calculate the rate of cooling of the eartii's 
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surface, on the hypothesis of an incandescent ceatral 
maas. In other cases, again, we are not able to cal- 
culate the effects of our causes rigorously, but estimate 
them as well aa we can ; partly by physical reasonings, 
aod partly by compariHon with such analogous cases as 
we can find in the present state of things. Thus 8ir 
Charles Lyetl infers the change of climate which would 
result if land were ti-ansferred from the neighbourhood 
of the poles to that of the equator, by reasonings on the 
power of land and water to contain and communicate 
heat, supported by a reference to the different actual 
climates of places, lying under the same latitude, but 
under different conditions aa to the distribution of 
land and water. 

Thus OUT -Etiology is constmcted partly from calcu- 
lation and reasoning, partly from phenomena. But we 
may observe that when we reason from phenomena to 
causes, we usually do so by various steps ; oRiea ascend- 
ing from phenomena to mere laws of pbenomena, before 
we can venture to connect the phenomenon confidently 
with its cause. Thus the law of subterranean heat, 
that it increaaes in descending below the surface, is 
now well established, although the doctrine which, 
ascribes this effect to a central heat is not uniTersally 
assented to. 

14. In the Geograpki/ 0/ Plants and Animals. — 
We may find in other subjects also, considerable con- 
tributions towards .(Etiology, though not as yet a com- 
plete System of Science. The jEtiology of Vegetables 
and Animals, indeed, has been studied with great zeal 
in modem times, aa an essential preparative to geolo- 
gical theory ; for how can we decide whether any 
assumed causes have produced the succession of species 
which we find in the earth's strata, except we know 
what effect of this kind given causes can produced 
Accordingly, we find in Sir Charles Lyell's Treatise on 
Geology the most complete discussion of such questions 
as belong to these subjects : — for example, the question 
whether species can be transmuted into other species 
by the long-continued influence of external causes, as 
climate, food, domestication, combined with internal 
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causes, bs habits, appftieiicies, progressive tendenciest 
We may observe, too, that as we have, brought before 
US, the inquiry what change differeace of climate caa 
produce in any sjieciea, we have also the inverse prob- 
lem, how far a, different deveLopment of the spedea, or 
a different collection of speciesj proves a difference of 
climate. In the same way, the geologist of the present 
day considers the question, whether, in virtue of causes 
now in action, species are from time to time extin- 
guished; and in like manner, the geologists of an 
earlier period diseussed the question, now long com- 
pletely decided, whether fossil species in genei'al are 
really extinct species. 

15. In Lawjuaijet. — Even with reference to the 
^tioli^ of Language, although this branch of sdenoe 
has hardly been considered separately from the glosso- 
logical investigations in which it is employed or as- 
sumed to be employed, it might perhaps be possible 
to point out causes or conditions of change which, 
being general in their nature, must operate upon all 
languages alika Changes made for the sake of euphony 
when words are modiiied and combined, occur in c^ 
dialects. Who can doubt that such changes of oonso' 
nants as those by which the Greek roots become GothiOr , 
and the Gothic, German, have for their cause soma 
general principle in the pronunciation of each lan- 
guage! Again, we might attempt to decide other 
questions of no small interest. Have the terminationB 
of verbs arisen from the accretion of pronouns; or, on 
the other hand, does the modification of a verb imply 
a simpler mental process than the insulation of a pro 
noun, as Adam Smith has maintained 1 Again, when 
the language of a nation is changed by the invasion: 
and permanent mixture of an enemy of different speech, 
is it generally true that it is changed from a synthetic 
to au analytical structured I will mention only one 
more of these wide and general glossologicol inquiries. 
Is it true, as Dr. Prichard has suggested', that lan- 
guages have become more permanent as we come down 

I Reiianiui, U. ni. 
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towards later tiiaesl Mfty we jiistifiably auppose, with 
him, that iu the Tery earliest times, nations, when, 
they had separated from one stock, might lose all 
tFacee of this common origin out of their languages, 
though retaining strong evidences of it in their mytho- 
logy, Bocial forms, and arts, as appears to lie the case 
wi^ the ancient Egyptians aiid the Indians'. 

Large questions of this nature cannot be treated 
profitably in any other way than by an assiduous study 
of the most varied forms of living and dead languages. 
But on the other hand, the study of languages should 
be prosecuted not only by a direct comparison of one 
wiUi another, but also with a view to the formation 
of a science of causes and general principles, embnuang 
such discussions aa I have pointed out. It is only 
when, snch a science has been formed, that we can hope 
to obtain amy solid and certain results in the Pahetio- 
logy of Language; — to determine, with any degree of 
substantial proof, what is the real evidence which the 
wonderful faculty of speech, under its present develop- 
ments and forms, bears to the events which have taken 
place in its own history, and in the history of man 
since his first origin. 

i6. Conetrtietion o/" ?Reortes.— When we have thus 
obtained, with reference to any such subject as those 
we have here spoken of, these two portions of science, 
a Systematic Description, of the Facta, and a rigorous 
Analysis of the Causes, — the Phenomenology and the 
Etiology of the subject, — we are prepared for the third 
membCT which completes the science, the Tlieory of the 
actual facts. We can then take a view of the events 
which really have happened, discerning their con- 
nexion, interpreting their evidence, supplying from 
the context the parts which are unapparent. We 
can account for known facts by intelligible causes ; 
we can infer latent facta inyai manifest effects, so as 
to obtain a distinct insight into the whole history of 
events up to the present time, and to see the last re- 
sult of tiie whole in the present condition of things. 



282 PHILOSOPHY OF PALiETIOLOGY. 

The term Tfteory, when rigorously employed in such 
sciences as tjioae which we here cooBidev, beara nearly 
the sense which I have adopted : it implies a conaiatent 
and systematic view of the actual faets, combined with 
a true apprehension of their connexion and causes. ' 
Thua if we speak of ' a Theory of Mount Etna,' or ' 
' a Theory of the Paris Basin,' we mean a connected 
and intelligible view of the events by which the rocks 
in these localities have come into their present con- 
dition. Undoubtedly the term Theory has often been 
used in a looser sense; and men have put forth 'Theo- j 
ries of the Earth,' which, instead of including the whole 
s of actual geological fects and their causes, only 
;ned, in a vague manner, some ca\ise8 by which 
some few phenomena might, it was conceived, be ac- 
counted for. Perhaps the poi-tion of our Palsetiological 
Sciences which we now wish to designate, wonld be 
more generally understood if we were to describe it as 
Theoretical or Philosophical History; as when we talk 
of 'the Theoretical Haatory of Architecture,' or 'the 
Philosophical History of Lwiguage.' And in the aame 
manner we might speak of the Theoretical History of 
the Animal and Vegetable Kingdoms; meaning, a dis- 
tinct account of the events which have produced the 
present distribution of species and familiea But by 
whatever phrase we describe this portion of science, it 
is plain that such a Theory, such a Theoretical His- 
tory, must result from the application of causes well 
understood to facts well ascertained. And if the term. 
Theory be here employed, we must recollect that it is 
to be understood, not in its narrower sense as opposed 
to facts, but in its wider signification, as including all 
known fecta and differing from them only in intro- 
ducing among them, principles of intelhgible connexion. 
The Theories of which we now speak are true Theories, 
precisely because they are identical with the total sys- 
tem of the Facta. 

17. N^o sownd Pal(Etiological Theory yet extant. — ; 
It is not to disparage unjustly the present state of 
science, to say that as yet no such theory exists on 
any subject. 'Theories of the Earth' have beenre- 
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peai/odlj publiahed; but when we consider that even 
the fecta of geology have been obaorved only on a small 
portion of the etuth'e sur&oe, and even witliiu thoae 
narrow bounds very imperfectly studied, we abtill be 
able to judge how impossible it is that geologiata should 
have yet obtained a we!l-establiahed Theoretical Hia- 
toij of the changes which have taken place in the 
crust of the terreatrial globe from its firat origin. Ac- 
cordingly, I have ventured in my History to designate 
the most prominent of the Theories which have hither- 
to prevailed as premature geological theories" : and we 
shdl soon see that geologiwil theory has not advanced 
beyond a few conjectures, and that its cultivators are 
at present mainly occupied with a controversy in which. 
the two extreme hypotheses which first offer themselves 
to men's mindfl are opposed to each other. And if we 
have no theoretical History of the Earth which merits 
any confidence, still less have we any theoretical Hia- 
toiy of Language, or of the Arts, which we can con- 
aider OS satisfactory. The Theoretical History of the 
Vegetable and Animal Kingdoms is closely connected 
with that of the Earth on which they subsist, and must 
follow the fortunes of Geology. And thus we may 
venture to say that no Palaetiological Science, as yet, 
possesses all its three members. Indeed most of them 
are very fiir from having completed and systematized 
their Phenomenology : in aU, the cultivation of jSiltio- 
logy is but just b^gun, or is not begun; in all, the 
Theory must reward the exertiona of future, probably 
of distant, generations. 

But in the mean time we may derive some instruc- 
tion from the comparison of the two antagonist hypo- 
theses of which I have spoken. 
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I. Doctrine of Gatastrophee. — I have already shown, 
in the History of Geology, that the attempts to frame 
a theory of the earth have brought into view two com- 
pletely oppoBite opinions: — one^ which represents the 
course of nature as uniform through all agea, the 
causes which produce change having had the same 
intensity in former times which they have at the pre- 
sent day; — the other opinion, which sees, in the pre- i 
sent condition of things, evidences of cataetrop/ies; — . 
changes of a more sweeping kind, and produced by 
more powerfid agencies than those which occur in re- 
cent times. Geologists who held the latter opinion, 
maintained that the forces which have elevated the 
Alps or the Andes to their present height could not 
have been any forces which are now in action : they 
pointed to vast masses of strata hundreds of sules lon^ 
thousands of feet thick, thrown into highly-inclined 
positions, fractured, dislocated, crushed : they remarked 
that upon the shattered edges of such strata they found 
enormous accumulations of fragments and ruhbi ' 
rounded by the action of water, so as to denote agea 
of violent aqueous action : they conceived that they 
saw instances in which whole mountains of rock ii 
state of igneous fiisjon, must have burst the earth's crust 
from below : they found that in the course of the 
volutions by which one stratum of rock was placed 
upon another, the whole collection of animal specii 
which tenanted the earth and the seas had been n 
moved, and a new set of living things introduced J 
its place; finally, they found, above all the strata. 
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oasses of sand and gravel contamlng boaes of 
animals, and apparently the work of a mighty deluge. 
"With all these proofs before their eyea, they thought 
it impoBsible not to judge that the agents of change by 
■which the world was urged from one condition to 
another till it reached its present state mnat hare been 
more violent, more powerfiil, than any which we see at 
work around us. They conceived that the evidence of 
'cataatrophea' was irrraiatible. 

3. Doctrine of Uniformity. — I need not here re- 
peat the narrative (given in the History') of the 
process by which this formidable array of proofs was, 
in the minds of some eminent geologists, weakened, 
and at last overcome. This was done by showing that 
the sudden breaks in the succession of strata were 
apparent only, the discontinuity of the aeries which 
occurred in one country being removed by terms 
interposed in another locality :^by ui^;ing that the 
total effect produced by existing causes, taking into 
account the accumulated result of long periods, is fer 
greater than a casual speculator would think possible : 
— by making it appear that there are in many parta of 
the world evidences of a slow and imperceptible rising 
of the laud eince it was the habitation of now exist- 
ing species : — by proving that it is not universally 
true that the strata separated in time by supposed 
catastrophes contain distinct species of animals : — by 
pointing out the limited fields of the supposed diluvial 
action; — and finally, by remarking that though the 
creation of species is a mystery, the eietinction of 
species ia going on in our own day. Hypotheses were 
su^ested, too, by which it was conceived that the 
change of climate might he exjdained, which, as the 
consideration of Ijhe fossil remains seemed to show, 
must have taken place between the ancient and the 
modem times. In this manner the whole evidence of 
catastrophes was explained away : the notion of a, 
series of paroxysms of violence in the causes of change 
was represented as a delusion arising from our contem- 
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pJnting short periods only, in the action of present I 

causes ; length of time waa called in t« take the place [ 

of inteusity of force : and it was declared that Geology 1 

need not despair of accounting for the revolutions of I 

the earth, as Astronomy accounts for the revolutiona r 

of the heavens, by the unlveraat action of canaes I 

which are close at hand to us, operating through time I 

and apace without Tariatdon or decay. I 

An antagonism of opinions, somewhat of the seme I 
kind as this, will be found to manifest itself u 
other Palsetiological Sciences as well as in Geo 

and it will be instnictive to endeavour to balance these | 
doctrines. I will mention some of the C 

its general I 



d, priori ? — The doctrine I 



sidejrations which bear upon the subject 

3. la Uniformity 
of Uniformity in the 
been represented by ita adherents 
degree of d, priori probabili^. It is highly unphili 
phical, it has been urged, to assume that the causes of 
the geological events of former times were of a different 
kind from causes now in action, if causes of this latter 
kind can in any way be made to explain the facts. 
The analogy of all other sciences compels us, it waa 
said, to explain phenomena by known, not by nnknown, 
causes. And on these grounds the geological teacher 
recommended' 'an earnest and patient endeavour to 
reconcile the indications of former change with the 
evidence of gradual mutations now in progress.' 

But on this we may remark, that if by knmoi 
causes we mean causes acting with the same intensify 
■which they have had during historical times, the re- 
strictign ia altogether arbitrary and groundless. Let 
it be granted, for instance, that many parts of the 
earth's surface are now undergoing an imperceptible 
rise. It is not pretended that the rate of this eleva- 
tion is rigorously uniform; what, then, are the limits 
of its velocity? Why may it not increase so as to as- 
sume that character of violence which we may term a 

' Ljell, «li ocL b. 
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catastrophe with reference to all changea hitiherlxi r&- 
corded'i Why may not the rate of elevation be such 
that we may conceive the strata to assume guddenly 
a position nearly vertical? And is it, in fact, easy to 
conceive a position of ittrata nearly vertical, a position 
which occurs bo frequently, to be gradually assumed) 
In cases where the strata are nearly verticaJ, as in the 
Isle of Wight, and hundreds of other places, or where 
they are actoally inverted, aa sometimes occurs, are not 
the causes which have produced the efiect as truly 
known causes, as those which have raised the coasts 
where we trace the former beach in an elevated 
terrace? If the latter case proves s&w) elevation, does 
not the former case prove rapid elevation! In neither 
caae have we any measure of the time employed in the 
change; but does not the very nature of the results 
enable us to discern, that if one was gradual, the other 
vas comparatively sudden? 

The causes which are now elevating a portion of 
Scandinavia can be called known aanses, only because 
we know the effect. Are not the causes which have 
elevated the Alps and the Andes known causes in the 
same sense? We know nothing in either case which 
confines the intensity of the force within any limits or 
prescribes to it any law of uniformity. Why, then, 
should we make a merit of cramping our speculations 
by such assumptional Whether tlie canses of change 
do act uniformly; — whether they oscillate only within 
narrow limits; — whether their intensity in former 
times was nearly the same as it now is ; — these are 
precisely the questions which we wish Science to an- 
swer to us impartially and truly : where is then the 
wisdom of 'an earnest and patient endeavour' to secure 
an a^Tfnative reply? 

Thus I conceive that the assertion of an A priori 
claim to probability and philosophical spuit in favour 
of the doctrine of uniformity, is quite untenable. We 
must leam from an examination of all the facts, and 
not from any assumption of our own, whether the 
course of nature he uniform. The limit of intensity 
being really unknown, catastrophes are just as probable 
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as otiifonnitj. If a volcano may repose for a thousand 
yeora, and then break out and destroy a city; wliy 
may not another volcano i-epoae for ten thousand 
years, and then destroy a continent; or if a continent, 
why not the whole habitable Buriaoe of the earth 1 

4. Cycle of Uniformity iTtdefinUe.^—R'xt this argu- 
ment may be put in another form. When it is said 
that the course of nature is uniform, the assertion is 
not intended to exclude certain smaller variations of 
violence and rest, such aa we have just spoken of; — 
alternations of activity and repose in volcanoes; 
eartliquftkes, deluges, and storms, interposed in a m 
tnuiquil state of things. With r^ard to such 00c 
rences, terrible as they appear at the time, they may 
not much affect the average rate of change; there may 
be a cycle, though an irregular one, of rapid and alow 
change ; and if such cycles go on succeeding each other, 
we may still call the order of nature uniform, notwith- 
standing the perioda of violence which it involves. 
The maximum and minimum intensities of the forces 
of mutation alternate with one another; and we may 
estimate the average course of nature as that which 
corresponds to something between the two extremes. 

But if we thus attempt to maintain the uniformity 
of nature by representing it aa a aeries of cycles, 
we find that wo cannot discover, in this conception, 
any solid ground for excluding cataatrophea. What is 
the length of that cycle, the repetition of which con- 
stitutes uniformity! What interval from the maximum 
to the minimum does it admit of) We may take for 
our cycle a hundred or a thousand years, but evidentiy 
such a proceeding is altogether arbitrary. We may 
mark our cycles by the greatest known paroxysms of 
volcanic and terremotive agency, but this procedure is 
no less indefinite and inconclusive than the other. 

But fiirther ; since the cycle in which violence and 
repose alternate is thus indefinite in its length and in 
its range of activity, what ground have we for as- 
suniing more than one such cycle, extending from the 
origin of things to the present time) Why may w8 
a. force of the causes of change 
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to hare taken place at the earliest period, and the ten- 
dency towards the minimuni to have gone on ever 
since? Or instead of only one cycle, there may have 
been aeTeral, but of such length that our historical 
period forma a portion only of the last ; — the feeblest 
portion of the latest cycle. And thus violence and 
repose may alternate upon a scale of time and intensity 
so large, that man's experience supplies no evidence 
enabling him to estimate the amount. The course of 
things is uniform, to an Intelligence which can embrace 
the succession of several cycles, but it is ealaetrophic 
to the contemplation of man, whose survey can grasp a 
part only of one cyola An.d thus the hypothesia of 
tmiformity, since it cannot exclude degreea of chaige, 
nor limit the range of these degreea, nor define the 
interval of their recurrence, cannot possess any esaen- 
tdal simplicity which, previous to inquiry, gives it a 
claim upon our assent superior to that of the opposite 
catastrophic hypothesis. 

g. Unifomtilarian Arguments are Negative only. — 
There is an opposite tendency in the mode of main- 
taining the catastrophiat and the unlfarmitarian opi- 
nions, which dependa upon their fundamental prin- 
ciples, and shows itself in all the controveraiea between 
them. The Catastrophiat is affirmative, the TJniformi- 
tarian is n^ativo in hia assertions : the former ia con- 
stantly attempting to construct a theory; the latter 
delights in demolishing all theories. The one is con- 
stantly bringing fresh evidence of some great past 
event, or series of events, of a striking and defijiite 
kind ; his antagonist is at every step explaining away 
the evidence, and showing that it piwves nothing. One 
geologist adduces his proofs of a vast universal deluge; 
but another endeavours to show that the proofs do 
not establish either the universality or the vastness of 
such an event. The inclined broken edges of a certain 
formation, covered with their own fragments, beneath 
superjacent horizontal deposits, are at one time auji- 
posed to prove a catastrophic breaking up of the earlier 
strata; but this opinion is controveri^ed by showing that 
the same formations, when pursued into other countries, 
VOL. n. D 
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exHbit a imiform gradation from the lower to the 
upper, with no trace of violence. Extensive and lofiy 
elevatioiiB of the coast, continents of igneous rock, 
first appear to indicate operations &r more gigantio 
than those which now occur; but attempts are aooa 
made to show that time only is wanting to 
present age to rival the past in the production of such 
changes. Each new fact adduced by the cataatrophist 
is at first striking and apparently convincing ; but as it 
becomes familiar, it strikes the imagination less power- 
fully; and the uniformitariau, constantly labouring to 
produce some imitation of it by the machinery which 
he has so well studied, at last in every case see 
himself to succeed, so far as to destroy the effect 
opponent's evidence. 

This is BO with regard to more remote, as well as 
with r^ard to immediate evidences of change. When 
it la ascertained that in every part of the earth's croai 
the temperature increases as we descend below tha 
surface, at first this fact seems to indicate a centr^, 
heat: and a central beat naturally suggests an earlier 
state of the mass, in which it was incandescent, and 
from which it is now cooling. But this original incan- 
descence of the globe of the earth is manifestly an 
entire violation of the present course of things; it 
belongs to the catastrophist view, and the advocatea 
of uniformity have to explain it away. Accordingly, 
one of them holds that thin increase of heat ' 
ing below the sur&ce may very possibly not go 
the way to the center. The heat which 
first as we descend, may, he conceives, afterwards 
decrease; and he suggests causes which may have pro- 
duced such a succession of hotter and colder shells 
within the mass of the earth. I have mentioned thia 
suggestion in the History of Geology; and have given 
my reasons for believing it altogether untenable'. 
Other persons also, desirous of reconciling this aub* 
terraneous heat with the tenet of nniibrmity, havB 
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offered another suggestion : — tliat the warmth or in- 
candescence of the interior parts of the earth does not 
arise out of an originalij hot condition from which it 
is gradually cooling, but results from chemical action 
constantly going on among the materials of the earth's 
substance. And thus new attempts are ]>erpetually 
making, to escape from the cogency of the reasonings 
which send us towards an original state of things dif- 
ferent from the present Those who theorize concern- 
ing an origin go on building up the iabric of their 
speculationa, while those who thmk such theories un- 
philoaophical, ever and anon dig away the foundation 
of this structure. As we have already said, the uni- 
formitarian's doctrines are a collectioa of negatives. 

This is HO entirely the case, that tiie uniformitarian 
would for the most part shrink from maintaining aa 
positive tenets the explanations which he so willingly 
uses as instruments of controyersy. He puts forward 
his su^estions as difficultiea, but he will not stand by 
them as doctrines. And this is in accordance with his 
general tendency ; for any of his hypotheses, if insisted 
upon aa positive theories, would be found incoBsistent 
with the asseridon of uniformity. For example, the 
nebular hypothesis appears to give to the history of 
the heavens an aspect which obliterates all special acts 
of creation, for, according to that hypothesis, new 
planetary systems are constantly forming; but when 
asserted as the origin of our own solar system, it 
brings with it an origiual incandescence, and an origin 
of the oi^pjiic world. And i^ instead of using the 
chemical theory of subterraneous heat to neutralize the 
evidence of original incandeecence, we asserts it as a 
positive tenet, we can no longer maintain the infinite 
past duration of the eaith; for chemical forces, as well 
as mechanical, tend to eqnihbrium; and that condition 
once attained, their efficacy ceases. Chemical affinities 
tend to form new compounds; and though, when many 
and various elements are mingled together, the play of 
synthesis and analysis may go on for a long time, it 
must at last end. If, for instance, a large portion of 
the earth's mass were originaJly pure potjiasium, we 
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can imagine violent igneous action to go on ho long as 
any part remained unoxidi/ed ; but when the oxida- 
tion of the whole has once taken place, this action 
must be at an end; for there is in the hypothesis 
no agency which con reproduce the deoxidized metal 
Thus a perpetual motion is impossible in chemistry, as 
it is in mechanics; and a theory of constant change 
cautiuued through inflnite time, is untenable vhen 
asserted upon chemicaJ, no less than upon mechanical 
principles. And thoi? the Skepticism of the unifor- 
mitarian ia of force only so long aa it is employed 
against the Dogmatism of the cataatrophist. When. 
the Doubts are erected into Dogmas, they are ua 
longer consistent with the tenet of Uniformity. When 
the Negations become Affirmations, the Negation of an 
Origin vanishes also. 

6. Uniformity in the Organic World. — In speaking 
of the violent and sudden changes which constitute 
catastrophes, our thoughts naturally turn at first to 
great Tueefia/nieal and physical effects; — ruptures and 
displacements of strata ; extensive submersions and 
emersions of land; rapid changes of temperature. But 
the catastrophes which we have to consider in geology 
affect the organic as well as the inorganic world. The 
sudden extinction of one collection of species, and the 
introduction of another in their place, is a Catastrophe 
even if unaccompanied by mechanical violence. Ac- 
cordingly, the antagonism of the catastrophist and 
uniformitarian schools has shown itself in Ihis depart- 
ment of the subject, aa well as in the other. When 
geologists had first discovered that the successive strata 
are each distinguished by appropriate organic fossils, 
they assumed at once that ea«h of these collectiona of 
living things belonged to a separate creation. But 
this conclusion, as I have already said. Sir 0. Lyell haa 
attem]ited to invalidate, by proving that in the exists 
ing order of things, some species become extinct ; and 
by suggesting it as possible, that in the same order, it 
may be true that new species are fiwm time to time 
prtiduced, even in the present course of nature. And 
in this, as in the other part of the subject, he calls in 
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the aid of vast periods of time, in order that the vii>- 
lence of the changes may be softened down : find he 
Appears disposed to believe that the actual extinction 
and creation of species may be so alow a& to excite no 
more notice than it has hitherto obtained ; and yet may 
be rapid enough, considering the immensity of geologi- 
cal periods, to produce such a succession of different 
collections of species as we find in the strata of the 
earth's surfaca 

7. Origin 0/ Uie present Organic World. — The last 
great event in the history of the vegetable and animal 
kingdoms waa that by which their various tribes were 
placed in their present seats. And we may form 
various hypotheses with regard to the sudden or gra- 
dual manner in which we may suppose this distribution 
to have taken place. We may assume that at the be- 
ginning of the present order of things, a stock of each 
species was placed in the vegetable or animal province 
to which it belongs, by some cause out of the com- 
mon order of nature; or we may take a unifonni- 
tarian view of the subject, and suppose that the pro- 
vinces of the oi^anic world derived their population 
from some anterior state of things by the operation of 
natural causes. 

Nothing has been pointed out in the existing order 
of things which has any analogy or resemblance, of 
any valid kind, to that creative energy which must he 
exerted in the production of a new species. And to 
assimie the introduction of new species aa 'a part of 
the order of nature,' without pointing out any natural 
fact with which such an event can be classed, would 
lie to reject creation by an arbiti-ary act Hence, 
even on natural grounds, the most intelligible view of 
the history of the animal and vegetable kingdoms 
seems to be, that each period which is marked by a 
distinct collection of species forms a cycle ; and that at 
the beginning of each such cycle a creative power was 
exerted, of a kind to which there was nothing at all 
analogous in the succeeding part of the same cycle. If 
it be urged that in some cases the same species, or the 
same genus, runs through two geological fonnations, 
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which moat, on other grounda, be referred to different 
cycles of creative energy, we may reply that the 
tion of many new species does not imply the extinction 
of all the old ones. 

Thna we are led by our reaaoninga to this view, that 
the present order of things was commenced by 
of creative power entirely different to any agency which 
has been exerted since. None of the iniSnences which 
haTe modiiied the present races of animals and plants 
since they were placed in their habitations on the 
earth's surface can have had any efficacy in producing 
them at first. We are necessarily driven to assume, 
as the beginning of tho present cycle of organic na- 
ture, an event not included in the course of nature. 
And we may remark that this necessity is the more 
cogent, precisely because other cycles have preceded 
the present. 

8. Nebular Origin 0/ t!is Solar System. — If we 
attempt to apply the same antithesis of opinion (the 
doctrines of Catastrophe and Unifonnity) to the other 
subjects of pat^tiological sciences, we shall be led to 
simUar conclusions. Thus, if we tnm our attention to 
Asti-onomical Palffitiol<^y, we perceive that the Nebu- 
lar Hypothesis has a nniformitarian tendency. Accord- 
ing to this hypothesis the formation of this oor system 
of sun, planets, and satellites, was a process of the same 
kind as those which are still going on in the heavens. 
One after another, nebulas condense into separate 
masses, which begin to revolve about each other by 
mechanical necesaity, and form systems of which our 
solar system is a finished example. But we may re- 
mark, that the uniformitarian doctrine on this subject 
rests on most unstable founda,tions. We have as yet 
only very v^ue and imperfect reasonings to show that 
by such condensation a viaterial system such as ours 
could result; and the introduction of organised beings 
into such a material system is utterly out of the reach 
of our philosophy. Here again, therefore, we are led 
to regard the present order of the world as pointing 
towards an origin altogether of a different kind from 
anything wliich our material science can grasp. 
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9. Origin of Language. — We may Tentnre to say 
that -we should be led to the Bame conchisiou once 
more, if we were to take into our consideration those 
polntiolc^cal sciences which are beyond the domain of 
matter; for instance, the Histoiy of Ijinguages. We 
may explain many of the difi'erences and changes which 
we become acquainted with, by referring to the action 
of causes of change which still operate. But what 
glossologist will venture to declare that the efficacy of 
such causes has been uniform; — that the influences 
which mould a language, or make one language differ 
from others of the same stock, operated formerly with 
no more efficacy than they exercise now. 'Where,' 
as has elsewhere been asked, ' do we now find a lan- 
guage in the process of formation, unfolding itself in 
inflexions, terminations, changes of vowels by gram- 
matical relations, such as characterise the oldest known 
languages V Again, as another proof how little the 
Listoryof languages suggests to the philosophical glosso- 
logist the persuasion of a uniform action of the causes 
of change, I may refer to the conjecture of Dr. Pri- 
chard, that the varietieB of language produced by the 
separation of one stock into several, have been greater 
and greater as we go backwards in history: — that* the 
formation of sister dialects from a conunon language 
(as the Scandinavian, German, and Saxon dialects from 
the Teutonic, or the GaeKc, Erse and Welsh from the 
Celtic) belongs to the first millennium before the 
Christian era ; while the formation of cognate lan- 
guages of the same &mily, as the Sanskrit, Latin, 
Greek and Gothic, muat be placed at least two thou- 
sand years before that era; and at a still earlier period 
took place the separation of the great families them- 
selves, the Indo-European, Semitic, and others, in 
which it is now difficult to trace the features of a 
common origin. No hypothesia except one of this 
kind will explain the existence of the families, groups, 
uid dialects of languages, which we find in existence. 
Yet this is an entirely different view fium that which 
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the hypothesis of the uniform progress of change wonld 
give. And thuH, ia the earliest stages c " 
the revolutions of language must have been, even by ] 
the evidence of the theoretical history of longuAge 
itself, of an. order altogether different from any which 
have taken place within the recent history 0" 
And we may add, that as the early stages of the pro- 
gress of language must have been widely different from 
those later one§ of which we can in some measure trace 
the natural causes, we cannot place the origin of lan- 
guage in any point of view in which it comes under 
the jurisdiction of natural causation at all. 

10. No Ifaiii/ral Oriijin dwcoi^eraile. — -We a 
led by a survey of several of the palietiological si 
to a confirmation of the principle formerly asserted". 
That in no palietiological science has man been able to 
arrive at a beginning which is homogeneous with the 
known course of events. We can in such s 
often go very far hackj — determine many of the re- 
mote drcumatancea of the past series of events ; — ascend 
to a point which seems to be near the origin; — 
limit the hypotheses respecting the origin itself : hut 
philosophers never have demonstrated, and, so &r aa 
■we can judge, probably never will be able to demon- 
strate, what was that primitive state of things from 
which the progressive course of Uie world took its first ' 
departure. In all these paths of research, when wo ' 
travel far backwards, the aspect of the earlier portions 
becomes very different firom that of the advanced part 
on which we now stand ; but in all cases the path is 
lost in obscurity as it is traced backwards towards ita 
starting-point : it becomes not only invisible, but un- ' 
imaginable; it is not only an interruption, but an 
abyss, which interposes itself between us and any in- 
teUigible beginning of things. 
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I. Importance of Tradition. — Since the Palsetio- 
logical Sciences have it for thair buainesB to study 
the tradn of past eveEts produced by natural causes 
down to the preseat time, the knowledge concern- 
ing such events which is supplied by the remem- 
brance and records of man, in whatever form, must 
have an important bearing upon these sciences. All 
changes in the condition, and extent of land and 
sea, which have taken place within man's observation, 
all effects of delngea, sea-waves, rivers, springs, volca- 
noes, earthquakes, sad the like, which come within the 
reach of human history, have a strong interest for the 
palietiologist. Nor is he less concerned in all re- 
corded instances of the modification of the forms and 
habits of plants and animals, by the operations of man, 
or by transfer from one land to another. And when 
we come to the Palietiology of Language, of Art, of 
Civilization, we find our subject still more closely con- 
nected with history; for in truth these are historical, 
no less than pahetiological investigations. But, con- 
fining ouraelvea at present to the material sciences, we 
may observe that though the imporiwice of the infor- 
mation which tradition gives us, in the sciences now 
under our consideration, as, for instance, geology, has 
long been tacitly recognised; yet it is only recently 
that geologists have employed themselves in collecting 
their historical facts upon such a scale and with such 
comprehensive views as are required by the interest 
and use of collections of this kind. The Essay of Von 
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Hoff', (h, the Natv/ral Alterationa in the SuvfacB of the 
Earth which are proved by Tradition, was the woA 
whict first ojjened the eyes of geologists to the extent 
and importance of this kind of inTestigation. Sinca 
that time the same path of research has been pursued 
with great peraeTerance by others, especially by Sir 
C. Lyell; and is now justly considered as an eaaential 
portion of Geology. 

2. Connexion of Tradition and Science. — Events 
which we might naturally expect to have some bearing 
on geology, are narratwi in the historical writings 
which, even on mere human grounds, have the 
strongest claim to our respect as records of the early 
history- of the world, and are confirmed by the tradi- 
tions of various nations all over the globe; namdy, 
the formation of the earth and of its population, and a 
subsequent deluge. It has been made a matter of con- 
troversy how the narrative of these events is to ba 
understood, so as to make it agree with the facta which 
an examination of the earth's surface and of its v^e- 
table and animal population discloses to us. Such 
controversies, when they are considered as merely 
archseological, may occur in any of the pahetiological 
eoiences. We may have to compare and to reconcile 
the evidence of existing phenomena with that of 
historical tradition. But under some circumstaoces 
this process of conciliation may assume an interest of 
another kind, on which we will make a few remarks. 

3. Natv/rcd and Providential History of the World, 
— We may contemplate the existence of man upon ths 
earth, his origin and his progress, in the same manner 
as we contemplate the existence of any other race of 
animals ; namely, in a purely pahetiological view. We 
may consider how far our knowledge of laws of causa- 
tion enables us to explain his difiiision and migration, 
his differences and resemblances, his actions and worka. 
And this is the view of man as a member of the 
Natural Course of Things. 
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But man, at the same time the contemplator and 
the subject of his own contemplation, endowed with 
&culti«s and powers which make him a being of a 
difiereut nature from other animals, cannot help re- 
garding his own actions and enjoyments, his recollec- 
tions and his hopeR, under an aspect quite different 
from any that we have yet had presented to us. We 
have b(«n endeavouring to place in a clear light the 
Fundamental Ideas, such as that of Cause, on which 
depends our knowledge of the natural course of things. 
But there are other Ideas to which man necessarUy 
refers his actions; he is led by his nature, not only t^ 
consider his own actions, and those of his fellow-men, 
as springing out of this or that cause, leading to this 
or that material result; but also as good or 601^, as 
what they ought or ouglU noi to be. He has idea^ 
of moral relations as well as those Ideas of material 
relations with which we have hitherto been occupied. 
He is a moral as well as a natuiul agent 

Contemplating himself and the world around him 
by the light of his Moral Ideas, man is led to the con- 
victioQ that his moral fiiculties were bestowed upon him 
by design and for a purpose; that he is the subject of 
a Moral Government; that the course of the world is 
directed by the Power which governs it, to the un- 
folding and perfecting of man's moral nature ; that this 
guidance may be traced in the career of individuals 
and of the world; that there is a Providential as well 
as a Natural Course of Tilings. 

Yet this view is beset by no small difficulties. The 
full development of man's moral tacultiea; — the per- 
fection of his nature up to the measure of his own 
ideas ; — the adaptation of his moral being to an idtimate 
destination, by its transit through a world fttll of moral 
evil, in which evil each person has his share; — are 
effects for which the economy of the world appears to 
oontain no adeqtiate provision. Man, though aware of 
his moral nature, and ready to believe in an ultimate 
destination of purity and blessedness, is too feeble to 
resist the temptation of evil, and too helpless to restore 
his purity when once lost. He cannot but look for 
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some confirmation of that providential order whict lie 
has begun to believe ; some provision for those defici- 
encies in his moral condition which he has b^un to feeL 

He looks at the history of the world, and he finds 
that at a cerbiiii period it ofiera to him the promise of 
what he seeks. When the natural powers of man had 
been developed to their fidl extent, and were beginning 
to exhibit Bymptoms of decay; — when the intellectual 
progresa of the world appeared to have reached ita 
limit, without supplying man's moral needs; — we find 
the great Epoch in the Providential History of the 
world. We find the announcement of a Dispensatioa 
by which man's deficiencies shall be supplied and hia 
aspirations fulfilled : we find a provision for the purifi- 
cation, the support, and the ultimate beatification of 
those who use the provided means. And thus the 
providential course of the world becomes consistent 
and intelligible. 

4. The Sacred Narraiive. — But with the new Dis- 
pensation, we receive, not only au account of its own 
scheme and history, but also a written narrative of 
the providential course of the world from the earliest 
times, and even from its first creation. This narrative 
is recognized and authorized by the new dispensation, 
and accredited by some of the same evidences as the 
dispensation itself That the existence of such a sacred 
narrative should be a part of the providential order 
of things, cannot but appear natural ; but, naturally 
also, the study of it leads to some difficulties. 

The Sacred Narrative in some of its earliest portions 
speaks of natural objects and occurrences respecting 
them. In the very beginning of the course of the 
world, we may readily believe ^indeed, as we have seen 
in the last chapter, our scientific researches lead us to 
believe) that such occnrrencea were very different from 
anything which now takes place; — different to an 
extent and in a manner which we cannot estimate. 
Now the narrative must speak of objects and occur- 
rences in the words and phrases which have derived 
their meaning from their application to the existing 
natural state of things. When applied to an initial 
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supernatural state therefore, these words ajid phrases 
cannot help being to us obscure and myst«riou», perhap^i 
ambiguous and seemingly contradictory. 

5. Di^cTiUiea in interpreting the Sacred X'arrative. — 
The moral and providential relations of man's condition 
are so much more important to him than mere natural 
relations, that at first we may well supjKHe he will 
accept the Sacred 24'arratiye, oa not only imqueetion- 
able in its true import, but also aa a guide in his views 
even of mere naturul things. He will try to modily 
the conceptions which he entertains of oLjeots ami 
their properties, so that the Sacred Narrative of the 
supernatural condition shall I'etain the first meauing 
which he had put upon it in virtue of bis own habiLi 
in the usage of language. 

But man is so constituted that he cannot persist i« 
this pi'ocedure. The powers and tendencies of his in- 
tellect are such that he cannot help trying to attain true 
conceptions of objects and their properties by the study 
of things tbemselveB. For instance, when he at first 
read of a firmament dividingthe waters above from thi- 
■waters below, he perhaps conceived a transpai'cnt floor 
in the aldeB, on which the superior waters rested, which 
descend in rain ; but as hht observations and his reason- 
ings satisfied him that such a floor could not exist, hit 
became wiUiug to allow (as St. Augustine allowed) that 
the watersabove the firmament are in a state of vapour. 
And in like manner in other subjects, men, as their 
views of nature became more distinct and precise, 
modified, so iar as it was necessary for consistency'K 
soke, their first rude interpretations of the Sacrod 
Karrativej so that, without in any degree losing it« 
import as a view of the providential course of the 
world, it should be so conceived aa not to contradict 
what they knew of the natural order of things. 

But this accommodation was not always mode with- 
out painful struggles and angry controversies. When 
men had conceived the occurrences of the Sacred Nar- 
rative in a particular manner, they could not readily 
and willingly adopt a new mode of conception; and all 
attempts to recommend to them such novelties, they 
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refuted as attaclu upon the satredatea of the Sar- 
mtive. Thej' had clothed tLeir belief of the workm^ 
of Providence in certain imaga; and they clung to 
thot«e images wiUi the perHaaNon that, without them, 
their beti^ could not sabaisl. Thus thej imagined to 
themselvea that the earth was a flat floor, solidly and 
broadly laid for the convenience of man ; and they tdt 
w if the kindness of ProTidenee waa disparaged, when 
it was maintained that the earth waa a ^obe hdd to- 
gether only by the mutual attractioii of ita parts. 

The moRt memorable inAtonce of a etmggle of this 
kind ia to be found in the circumstances which attended 
the introduction of the Heliocentric Theory of Coper- 
uieuit to general aoceptam^ On this controversy I 
have already made some remarks ia the Higtory of 
Bcienee', and have attempted to draw &om it some 
lesHOns which may be useful to us when any Bimilar 
conflict of opinions may occur. I will here add a few 
reflectioiu with a eimilar view. 

6. AWA diffieulMes inevUahle. — In the first place, I 
remark that such modifications of the current inter- 
pretation of the words of Scripture appear to be an 
inevitable consequence of the progressive character of 
Natural Science. Science is constantly teaching us to 
describe known iact« in new language; but the lan- 
guage of Scri|iture is always the sama And not only 
HO, but the language of Seriptore ia necessarily adapts 
\a the common state of man's intellectual development, 
in which he is supposed not to be possesaed of science. 
Hence the phrasea used by Scripture are precisely those 
which science soon teaches man to consider aa inaceu- 
rato. Yet they are not, on that account, the less 
fitted for their proper purpose : for if any terms had 
been used, adapted to a more advanced state of know- 
ledge, they must have been nninteUigible among those 
to whom the Scripture was first addressed. If the 
JewB had been told that water existed in the clouds in 
Bmall drojis, they would have marvelled that it did 
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not constantly descend; and to have esplaineil the 
reason of this, would have been to teach Atnjology in 
the Bacred writings. If they had read in their Scrip- 
tare that the earth was a sphere, when it appeared 
to be a plain, they would only have been disturbed 
in their thoughts or driven to some wild sjid base- 
less imaginatione, by a declaration to them bo strange. 
If the Divine Speaker, instead of saying that he would 
set his bow in the clouds, had been made to declare 
that he would give to water the property of refract- 
ing different colours at different angles, how utterly 
unmeaning to the hearers would the words have been ! 
And in these cases, the expressions, being unintelK- 
gible, startling, and bewildering, would have been such 
as tended to unfit the Sacred Narrative for its place in 
the providential dispensation of the worid. 

Accordingly, in the great controversy which took 
place in Gtdileo's time between the defenders of the 
then cuBtomary interpretations of Scripture, and the 
Bfisertors of the Copemican syateni of the universe, 
when the innovators were upbraided with maintain- 
ing opinions contrary to Scripture, they replied that 
Scripture was not intended to teach men astronomy, 
and that it expressed the acta of divine power in 
images which were suited to the ideas of unscientific 
men. To speak of the rising and setting and travelling 
of the sun, of the fixity and of the foundations of the 
eartih, was to use the only language which would have 
made the Sacred Narrative intelligible. To extract 
from these and the like expressions doctrines of sci- 
ence, was, they declared, in the highest degree unjusti- 
fiable; and such a course could lead, they held, to no 
result but a weakening of the authority of Scripture 
in proportion as its credit was identified with that of 
these modes of applying it. And this judgment has 
since been genemlly assented to by those who most 
reverence and value the study of the designs of Provi- 
dence as well as that of the works of nature. 

7. Science tells us nothing concerning Creation. — 
Other apparent difBcultiea arise from the accounts 
given in the Scripture of the first origin of the world 
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in which we live : for example, Light is represented as 
created before the Sun. With regard to difficulties of 
this kind, it appears that we may derive some instruc- 
tion from the result to which we were led in the last 
chapter ; — namely, that in the sciences which trace the 
progress of natural occurrences, we can in no case gQ 
back to an origin, but in every instance appear to find 
ourselves separated from it by a state of things, and an 
order of events, of a kind altogether different from 
those which come under our experience. The thread 
of induction respecting the natural course of the 
world snaps in our fingers, when we try to ascertain 
where its b«^;inning is. Since, then, science can teach 
us nothing positive respecting the beginning of thingfi, 
ahe can neither contradict nor confirm what is taught 
by Scripture on that subject; and thus, as it is un- 
worthy timidity in the lover of Scripture to fear con- 
tradiction, so 18 it ungrounded presumption to look for 
confirmation, in such casea The providential history 
of the world has its own beginning, and its own 
evidence; and we cau only render the system inse- 
cure, by making it lean on our material sciences. If 
any one were to suggest that the nebular hypothesis 
countenances the Scripture history of the formation of 
this system, by showing how the luminous matter of 
the sun might exist previous to the sun itself, we 
should act wisely in rejecting such an attempt to 
weave together these two heterogeneous threads; — the 
one a part of a providential scheme, the other a frag- 
ment of a physical speculation. 

We shall best learn those lessons of the true philo- 
sophy of science which it is our object to collect, by 
attending to portions of science which have gone through 
such crises as we are now considering; nor is it requi- 
site, for this purpose, to bring forwards any subjects 
which are still under discussion. It may, however, he 
mentioned that such maxims as we are now endea- 
vouring to establish, and the one before us in jHirti- 
cular, hear with a peculiar force upon those Palwtio- 
logical Sciences of which we have been treating in the 
present Book. 
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8. SdmUi/ie vietm, when familiar, do not distwb 
the authority of Seripture.^TbeTe is another reflection 
which may serve to console and encourage ub in the 
painful stru^les which thus take pIace,1)etweon those 
who maintain interpretfttJons of Scripture already pre- 
valent and those who contend for euch new ones as the 
new discoveries of science reqiiire. It is thiaj — that 
though the new opinion is resisted by one party as 
something destructive of the credit of Scripture and 
the reverence which is its dae, yet, in. fact, when the 
new interpretation has been generally established and 
incorporated with men's current thoughts, it ceases to 
disturb their views of the authority of the Scripture or 
of the truth of its teaching. When the language of 
Scripture, invested with its new meaning, has become 
faniiiiar to men, it is found that the ideas which it 
calls up are quite as reconcileable as the former ones 
were, with tiie moat entire a<!ceptance of the provi- 
dential dispensation. And when this has been found 
to be the case, all cultivated persons loot back with 
surprise at the mistake of those who thought that the 
essence of the revelation was involved in their own 
arbitrary version of some collateral circumstance in the 
revealed narrative. At the present day, we can hardly 
conceive how reasonable men could ever have imagined 
that religious reflections on the stability of the earth, 
and the beauty and use of the luminaries which revolve 
round it, would be interfered with by an acknowledg- 
ment that this rest and motion are apparent only°. 
And thus the authority of revelation is not shaken by 
any changes introduced by the progress of science in the 
mode of interpreting expressions which describe phy- 
sical objects and occurrencea; provided the new in- 
terpretation is admitted at a proper season, and in a 
proper spirit; so as to soften, as much as possible, both 
the public controversies and the private scruples which 
almost inevitably accompany auch an alteration. 

9. When eiiould old T/Uerpretations be given up ? — 
But the question then occurs, What is the proper 
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season for a religious and enlightened commentator 
make such a change in the current intcrpretati( 
sacred Scripture! At what period ought the esta- 
blished exposition of a passage to be given up, and a 
new mode of understajiding the paseage, such as ia, 
or seems to be, required by new discoveries respecting 
the laws of nature, accepted in its placel It is plain, 
that to introduce such an alteration lightly and hastily 
would be a procedure fi-aught with inconvenience; for 
if the change were made in aucb a manner, it might be 
afterwards discovered that it had been adopted with- 
out sufficient reason, and that it was necessajy to 
reinBtate the old exposition. And the minds of the 
readers of Scripture, always to a certain extent and 
for a time disturbed by the subvei-siou of their long- 
eiatabliahed notions, would be distressed without any 
need, and might be seriously unsettled. "While, oa 
the other hand, a too protracted and obstinate resist- 
ance to the innovation, on the part of the scriptural 
ex|]Ositors, would tend to identify, at least in the 
minds of many, the authority of the Scripture with the 
truth of the exposition; and therefore would hiing dis- 
credit upon the revealed word, when the established 
interpretation waa finally proved to be untenable. 

A rule on this subject, propounded by some of the 
most enlightened dignitaries of the Roman Catholic 
church, on the occasion of the great Copemican con- 
troversy begun by Galileo, seema well worthy of our 
attention. The following was the opinion given by 
Cai'dinal Bellarmine at the time ; — ' When a demoTti- 
gtration shall be found to establish the earth's motion, 
it will be pi-oper to interpret the saered Scriptures 
otherwise than they have hitherto been interpreted in 
those passages where mention is made of the stability 
of the earth and movement of the heavens.' This 
appears to be a judicious and reasonable maxim for 
such cases in generaL So long as the supposed scien- 
tific discovery is doubtJiil, the exposition of the mean- 
ing of Scripture given by commentators of established 
credit is not wantonly to be distvirbed: but when a 
scientific theory, irreconcileable with this ancient iit- 
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terpretatdon, ia cJearly proved, we must give up the 
interpretation, and seek aome new mode of under- 
standing the passage in question, by means of which it 
may be conaiatent with what we know ; for if it be not, 
our conception of the things so described is no longer 
consistent with iteolf. 

It may be said that tliis rule is indefinite, tor who 
shall decide when a new theoiy is completely demon- 
strated, and the old interpretation become untenable! 
But to this we may reply, that if the rule be assented 
to, its application will not be very difficult. For when 
men have admitted as a general rule, that the cur- 
rent interpretations of scriptural expressions respecting 
natural objects and events may possibly require, and 
in some cases certainly will require, to be abandoned, 
and new ones admitted, they will hardly allow them- 
selves to contend for such interpretations as if they 
were essential parts of revelation; and will look upon 
the change of exposition, whether it come sooner or 
later, without alarm or anger. And when men lend 
themselves to the progress of truth in this spirit, it is 
not of any materia importance at what period a new 
and satiai'actory interpretation of the acriptural diffi- 
culty is found; since a scientific exactness in our 
apprehension of the meaning of such passages as are 
now referred to is very far from being essential to our 
full acceptance of revelation. 

10. In what Spirit shmdd the Clio/age he accepted i 
— Still these revolutions in scriptural interpretation 
must always have in them something which distresses 
and disturbs religious communities. And such uneasy 
feelings will take a different shape, according as the 
community acknowledges or rejecte ft paramount inter- 
pretative authority in its religious leaders. In the 
case in which the interpretation of the Church is 
binding upon all its members, the more placid minds 
rest in peace upon the ancient exposition, till the 
spiritual authorities announce that the time for the 
adoption of a new view has arrived; but in these cir- 
cumstances, the more stirring and inquisitive minds, 
which canaot refrain from the piu^uit of new truths 
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and exact aonceptions, are led to opinions which, ^ 
coutrary to those of the Church, are held to be ainiiil. 
On the other hand, if the religious constitution ofthe 
commvmitj' allow and encourage each man to study 
and interpret for himself the Sacred Writinga, we are 
met by evils of another kind. In this case, although, 
by the unforced influence of admired commentators, 
there may prevail a general agreement in the nsual 
interpretation of difficult passages, yet as each reader 
of the Sciipture looks upon the sense which he has 
adopted as being hia own interpretation, he maintains 
it, not with the tranquil acquiescence of one who haa 
deposited his judgment in the hands of hia Church, 
but with the keenness and atrenuousness of self-love. 
In such a state of things, though no judicial severitiea 
can be employed against the innovators, there may 
arise more angry controveraieB than in the other case. 
It is impossible to overlook the leaaon which here 
offers itself, that it is in the highest degree unwise in 
the friends of i-eligion, whether individuals or commu- 
nities, unnecessarily to embark their credit in exposi- 
tions of Scripture on matters which appertain to natu- 
ral Science. By delivering physical doctrines as the 
teaching of revelation, religion may lose much, but 
cannot gain anything. This maxim of practical wis- 
dom haa often been urged by Chiistian writers. Thus 
St. Augustine says': 'In obscure meters and things 
&r removed from our aensea, if we read anything, even 
in the divine Scripture, which may produce diverse 
opinions without damaging the fiiith which wo cherish, 
let us not rush headlong by positive assertion to either 
the one opinion or the other; leat, when a more 
thorough discussion has shown the opinion which we 
had adopted to be false, our faith may fell with it : 
and we should be found contending, not for the doo- 
trtne ofthe sacred Scriptures, but for our own; endea- 
vouring to make our doctrine to be that of the Scrip- 
tures, instead of taking the doctrine of the Scriptures 
to be oura,' And in nearly the same spirit, at the 
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time of tie Copemican controversy, it was thought 
proper to append to the work of Copemious a postil, 
to say that the work was written to account for the 
phenomena, and tJiat people must not run on blindly 
and condemn either of the opposite opinions. Even 
when the Inquisition, in i6t6, thought itself compelled 
to pronounce a decision upon this subject, the rerdict 
was delivered in vety moderate language; — -that 'the 
doctrine of the earth's motion appeared to be contrary 
to Scripture ;' and yet, moderate as this espresaion is, 
it has been blamed by judicioua members of the Roman 
church as deciding a point such as religious authorities 
ought not to pretend to decide; and has brought upon 
that church no ordinary weight of general 
tion. Kepler pointed out, in his lively J 
imprudence of employing the force of religious autho- 
rities on such subjects : Ades dolahrm inferrum illisa, 
poatea nee in ligrmm valet amplvus. Capiat hoc cv^ua 
iittereat. 'If you wiU try to chop iron, the axe be- 
comes unable to cut even wood. I warn those whom 

II. lit what Spirit should l/ie Change be urged? — 
But while we thus endeavour to show in what manner 
the interpreters of Scripture may moat safely and most 
property accept the discoveries of science, we must not 
forget that there may be errours committed on the 
other side also; and that mea of science, in bringing 
forward views which may for a time disturb the minds 
of lovers of Scripture, should consider themselves as 
bound by strict rules of candour, moderation, and 
prudence. Intentionally to make tiieir supposed dis- 
coveries a means of discrediting, contradicting, or 
slighting the sacred Scriptures, or the authority of 
religion, is in them unpardonable. As men who make 
the science of Truth the business of their lives, and are 
persuaded of her genuine superiority, and certain of 
her ultimate triumph, they are peculiarly bound to ui^e 
her claims in a calm and temperate spirit; not forget- 
ting that there are other kinds of truth besides that 
which they peculiarly study. They may properly reject 
authority in matters of sciencej but they are to leave 
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it its proper office in matters of religion. I may 
here again quote Kepler's expressions: 'In Theology 
■we balance authorities, in Philosophy we weigh rea- 
sons. A holy man was Lactantiua who denied tJiat i 
the earth waa round ; a holy man was Augustine, ■who i 
granted the rotundity, hut denied the antipodes; a i 
holy thing to me is the Inquisition, which allows the J 
smallnesa of the earth, but denies its motion ; but more 
holy to me is Truth; and hence I prove, fiijm philoso- J 
phy, that the earth is round, and inhabited on every j 
side, of small size, and in motion among the stars, — j 
and this I do with no disrespect to the Doctors.' I the j 
more willingly quote such a passage irova Kepler 
cause the entire ingenuousnesa and sincere piety o: 
character does not allow us to suspect him in anything 
of hyiwcrisy or latent irony. That similar profesaiona 
of respect may be made ironically, we have a noted 
example in the celebrated Introduction to OaiUetfB 
Dialogue on the Gop&^ieam, System; probablythe part 
which was most offensive to the autiiorittes. '8ome 
years ago,' he begins, 'a, wholesome edict ■was promul- 
gated at Rome, which, in order to check the perilous 
scandals of the present age, imposed silence upon the 
Pythagorean opinion of the mobility of the earth. 
There were not wanting,' he proceeds, 'persons ■who 
rashly averted that this decree was the result, not of 
a judicious inquiry, but of passion ill-informed; and 
complaints were heard that councillors, utterly nnac- 
quainted 'with astronomical observation, ought not to 
be allowed, with their sudden prohibitions, to clip 
the wings of speculative intellects. At the hearing of 
rash la/mentations like these, my zeal covid not keep 
mlenue.' And he then goes on to say, that he ■wishes, 
in his Dialogue, to show that the subject had been 
fully examined at Rome. Here the irony is quite trans- 
parent, and the sarcasm glaringly obvious. I think we 
may venture to say that this is not the temper in 
which scientific questions should be treated; although 
by some, perhaps, the prohibition of public discussion 
may be considered as justifying any evasion which L 
likely to p 
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12. Duty of Mutual forbearance. — We may add, 
ns a further reason for mutual forbearance in sucli 
cases, that the true interests of both parties are the 
«ama The man of acienoe is concerned, no lesa than 
any other person, in the truth and import of the 
divine dispensation; the religious man, no less than 
the man of ecience, is, by the nature of hia intellect, 
incapable of believing two contradictoiy declai'ations. 
Hence they have both alike a need for understanding 
the Scripture in some way in which it shall be oon- 
tOHtent with their understanding of nature. It is for 
their common advantage to conciliate, as Kepler says, 
the finger and the tongue of God, his works and his 
word. And they may find abundant reason to bear 
with each other, even if they should adopt for this 
purpose different interpretations, each finding one 
aatis&ctory to himself; or if any one should decline 
employing hia thoughts on such subjects at all. I 
have elsewhere' quoted a paaeage from Kepler' which 
appeara to me written in a most suitable spirit : ' I be- 
seech my reader that, not unmindM of the divine 
goodness bestowed upon man, he do with me praise 
and celebrate the wisdom of the Creator, which I open 
to him from a more inward explication of the form 
of the world, from a searching of causes, from a. de- 
tection of the errours of vision; and that thus not 
only in the firmness and stability of the earth may wo 
perceive with gratitude the preservation of all living 
things in nature as the gift of God ; but also that in 
its motion, so recondite, so admirable, we may acknow- 
ledge the wisdom of the Creator. But whoever is too 
dull to receive this science, or too weak to believe the 
Copemican system without harm to his piety, him, 
I say, I advise that, leaving the school of astronomy, 
and condemning, if so he pleaee, any doctrines of the 
philosophers, he follow his own path, and desist from 
this wandering through the universe ; and that, lift- 
ing up his natural eyes, with which alone he can see, 
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he pour Mmaelf out from tin own heart in worship 
of God the Creator, being certain that he gives no 
!esB worship to God than the astroaonier, to whom 
God has given to see more clearly with his inward 
eyes, and who, irom what he ha^ himself discovered, 
both can and will glorify God.' 

13. (la»B of GalUeo. — I may perhaps venture hera 
to make a remark or two upon this subject with re- 
ference to a charge broaght against a certain portion 
of the Hi»toTy of the Inductive Scienceg. Complaint 
has been made' that the churaoter of the Boman 
church, as shown in its behaviour towards Gialileo, is 
misrepresented in the account given of it in tlie His- 
tory of AstroDomy. It is asserted that Galileo pro- 
voked the condemnation ho incmred ; first, by perti-* 
nacioualy demanding the assent of the ecclesiastical 
authorities to his opinion of the consistency of the 
Copemican doctrine with Scripture; and afterwards by 
contumaciously, and, as we have seen, contumelionsly 
violating the silence whioh the Church had enjoined 
upon hJTn. It is further declared that the statement 
which represents it as the habit of the Roman church 
to dogmatize on points of natural science is unfounded} 
as w^ as the opinion that in coQsec|iience of this 
habit, new scientific truths were promulgated leas 
boldly in Italy than in other countries. I shall reply- 
very briefly on these subjects; for the decision of them 
is by no means requisite in order to establish the doo- 
trines to which I have been led in the present chapter, 
nor, I hope, to satisfy my reader that my views have 
been collected &om an impartial consideration of scien- 
tific history. 

With regard to Galileo, I do not think it can be 
denied that ho obtruded his opinions upon the eccle- 
siastical authorities in an unnecessary and imprudent 
manner. He was of an ardent character, strongly 
convinced himself, and urged on still more by the con- 
viction which he produced among his disciples, and 
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thus he becume impatient for tie triumpli of truth. 
Thia judgmeDt of him lias recently been delivered by 
varioua independent authorities, and has undoubtedly 
considerable foundation'. As to the question whethei" 
autliority in matters of natural science were habitually 
claimed by the authorities of the Church of Eome, I 
have to allow that I cannot produce instances which 
establish such a habit. We, wbo have been accustomed 
to have daily before our eyes the Monition which the 
RomiBh editors of Newton thought it necessary to 
prefix — Cceterum laUa a guirvmo Pontijice contra lellu- 
ris malum Decretta, mo* obsequi proJUemur — were not 
likely to conjecture tbat this Tras & solitary instance of 
the interposition of the Papal authority on such sub- 
jects. But although it would be easy to find declara- 
tions of heresy delivered by Romish Universities, and 
■writers of great authority, against tenets belonging to 
the natural sciences, I am not aware that any other 
case can be adduced in which the Church or the Pope 
can be shown to have pronounced such a sentence. 
I am well contented to acknowledge this ; for I should 
be far more gratified by finding myself compelled to 
hold up the seventeenth century as a model for the 
nineteenth in this respect, than by having to sow 
enmity between the admirers of lie past and tho 
present through any disparaging contrast". 
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With respect to the attempt made in my History to 
characterize the intellectual habits of Italy oa produced 
by her religious condition, — certainly it would ill be- 
come any student of the history of science to speak 
slightingly of that conntiy, always the mother of sci- 
ences, always ready to catch the dawn and hail the 
rising of any new light of knowledge. But I think 
our admiration of this activity and acnteness of mind 
is by no means inconsistent with the opinion, that new 
trnUis were promulgated more boldly beyond the Alps, 
and that the sabtilty of the Italian intellect loved to 
insinuate what the rough German bluntly asserted. 
Of the decent duplicity with which forbidden opinions 
were handled, the reviewer himself gives us instances, 
when he boaBts of the liberality with which Copemican 
professors wore placed in important stations by the 
eccledastical authorities, soon after the doctrine of the 
motion of the earth had been declared by the same au- 
thorities to be contrary to Scripture. And in the same 
spirit is the process of demanding from Galileo a pub- 
lic and official recantation of opinions which he had 
repeatedly been told by his ecclesiaatical superiors he 
might hold as much as he pleased. I think it is easy 
to believe that among persons so little careful to recon- 
cile public profession with private conviction, official 
decorum was all that was demanded. When Galileo 
had made hia renunciation of the earth's motion on his 
knees, he rose and said, as we are told, E pur si muove 
— ' and yet it doet move.' This is sometimes repre- 
sented as the heroic soliloquy of a mind cherishing its 
conviction of the truth, in spite of persecution; I 
think we may more naturaUy conceive it uttered as a 
playful epigram in the ear of a cardiu^'s secretary, 
with a full knowledge that it would be immediately 
repeated to hia master'". 

Besides the Ideas involved in the material a 
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of which we harve already examined the principal ones, 
there is one Idea or Conception which our Sciences do 
not indeed include, but to which they not obscurely 
point; and the importance of this Idea will make it 
proper to speak of it, though this must be done very 
briefly. • 



CHAPTER V. 
Op the Conceition of a Fibst Cause. 



I. AT the end of the last chapter but one, we were 
XX led to this result, — that we cannot, in any 
of the Faletiological Sciences, ascend to a beginning 
which IB of the Bome nature as the existing cause of 
events, and which depends upon causes th&t are atill in 
operation. Philosophers never have demonstrated, and 
probably never will be able to demonstrate, what 
was the original condition of the solar system, of the 
earth, of the vegetable and animal worlds, of languagea, 
of arts. On all these subjects the course of Investiga- 
tion, followed backwEirds as far as our materials allow 
us to pursue it, ends at last in an impenetrable gloom. 
We strain our eyes in vain when we tiy, by our natural 
laculties, to discern an origin, 

2. Yet speculative men have been constantly em- 
ployed in attempts to arrive at that which thus seema 
to be placed out of their reach. The Origin of 
Languages, the Origin of the present Distribution of 
Plants and Animals, the Origin of the Earth, have 
been common subjects of diligent and persevering 
inquiiy. Indeed inquiries respecting such subjects 
have been, at least till lately, the usual form which 
Pftl»tiological researches have assumed. Cosmogony, 
the Origin of the World, of which, in such speculations, 
the earth was considered as a principal part, has been 
a favourite study both of ancient and of modem 
times: and most of the attempts at Geology previous 
to the present period have been Cosmogonies or Geo- 
gonies, rather than that more genuine science which 
we have endeavoured to delineate. Again ; Glossology, 
though now an extensive body of solid knowledge, waa 
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mainly brought into being by inquiries concerning tlie 
Original Language spoken by men; and the nature tif 
the first separation and diffusion of languages, the first 
peopling of the earth by man and by nainials, were 
long pought after with ardent curiosity, although of 
course with refei'ence to the authority of the Scriptures, 
as well as the evidence of natural phenomena. Indeed 
the interest of such inquiries even yet is far from being 
extinguished. The disposition to explore the past in 
the hope of finding, by the light of natural reasoning 
as well as by the aid of revelation, the origin of the 
present course of things, appears to be unconquerable. 
'What was the beginning?' is a question which the 
human race cannot deaiat Scorn perpetually asking. 
And no feilure in obtaining a satisfactory answer can 
prevent inquisitive spirits from again and again repeat- 
ing the inquiry, although the blank abyss into which 
it ia uttered does not even retnm an echo. 

3. What, then, ia the reason of an attempt so per- 
tinacious yet so fruitless 1 By what motive are we im- 
pelled thus constantly to seek what we can never find ) 
Why are the errour of our conjectures, the futility of 
our reasonings, the precariousness of our interpreta- 
tions, over and over again proved to us in vain ! Why 
ia it impossible for ua to acquiesce in our ignorance 
and to relinquish the inqiury? Why cannot we con- 
tent ourselves with examining those links of the chain 
of causes wiuch are nearest to us, — those in which the 
connexion is intelligible and clear; instead of fixing 
our attention upon those remote portions where we 
can no longer estimate its coherence) In short, why 
did not men from the first take for the subject of their 
speculations the Course of Nature rather than the 
Origin of Things? 

To thia we reply, that in doing what they have thus 
done, in seeking what they have sought, men are im- 
pelled by an intellectual necessity. They cannot con- 
ceive a Series of connected occurrences without a Com- 
mencement; they cannot help supposing a cause for 
the Whole, as well as a cause for each part; they can- 
not he satisfied with a succession of causes without 



3l8 PHILOSOPHY OF FALJITIOLOGT. 

assummg a First Cause. Such, aa assumption 
sarily impreBsed upon our minds by our contemplation 
of a series of causes and effects ; that tltere muat he a } 
First Cause, is accepted by all intelligeat reaaonei-s aa J 
an Ajdom ; and like other Ajdoms, its truth is 
sarily implied in the Idea which it involves. 

4. The evidence of this axiom maybe illustrated in. ^ 
several wayB. In the first place, the axiom is assmned 
in the argument usually offered to prove the existence 
of the Deity. Since, it is said, the world now existB, 
and since nothing cannot produce something, some- 
thing must have existed from eternity. This Some- 
thing is the First Cause ; it ia God. 

Now what I have to remark here is this :— the con- 
clusiveness of this argument, as a proof of the existence 
of one independent, immutable Deity, depends entirely 
upon the assumption of the ariom above stated. The 
World, a serious of causes and effects, exists ; therefore 
there must be, not only this series of causes and effects, 
but also a First Causa It will be eoaily seen, that 
without the axiom, that iu every series of causes and 
effects there must be a First Cause, the reasoning is 
altogether inconclusive. 

5. Or to put the matter otherwise ; The argument 
for the existence of the Deity was stated thus ; Some- 
thing exists, therefore something must have existed 
from eternity. 'Granted,' the opponent might say; 
' but this gomething which has existed from eternity, 
why may it not be this very series of causes and effects 
which is now going on, and which appears to contain 
in itself no indication of beginning or endJ' And 
thus, without the assumption of the necessity of a 
First Cause, the force of the argument may be re- 
sisted. 

6. But, it may be asked, how do those who have 
written to prove the existence of the Deity reply to 
such an objection as the one just stated! It is natural 
to suppose that, on a subject so interesting and so long 
discussed, all the obvious arguments with their replies, 
have been fully brought into view. "What ia the rcr, 
Bidt in this case) 
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The principal modea of replying to the above objec- 
tion, that the series of causes and effects which now 
exists, may have existed from eternity, appear to bo 
these. 

In the first place, our minds cannot be satisfied with 
a series of successive, dependent, causes and eSects, 
without something first and independent We pass 
from effect to cause, and from that to a higher cause, 
in search of something on which the mind can rest ; 
but if we can do nothing but repeat this process, there 
ia no use in it We move our limbs, but make no 
advance. Our question is not answered, but evaded. 
The mind cannot acquiesce in the destiny thus pre- 
sented to it, of being referred fi-om event to event, 
from object to object, along an interminable vista of 
causation and tima Now this mode of stating the 
reply, — to aay that the mind cannot thviS he satisfied, 
appears to be eqnivalent to saying that the mind is 
conscious of a Principle, in virtue of winch such a view 
as this must be rqected; — the mind takes reiiige in 
the assumption of a First Cause, fi«m an employment 
inconsistent with its own nature. 

7. Or again, we may avoid the objection, by put- 
ting the ai'gument for the existence of a Deity in this 
form : The series of causes and effects which we' call 
the world, or the cov^»e of nature, may be considered as 
a toliole, and this whole must have a cause of its exist- 
ence. The whole collection of objects and events may 
be comprehended aa a single effect, and of this effect 
there must be a cause. This Cause of the Universe 
must be superior to, and independent of the special 
events, which, happening in time, make up the iini- 
yerse of which He is the cause. He must exist and 
exercise causation, before these events can begiii ; He 
must be the First Causa 

Although the argument ia here somewhat modilied 
in form, the substance is the same as befora For the 
assumption that we may consider the whole seriea of 
causes and effects as a single effial, ia equivalent to the 
assumption that besides partial causes we must have a. 
First Causa And thus the Idea of a First Cause, and 
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tlie axiom irhicli asaerta its necessity, are recognizeil 
the usual argumentation on this subject. 

8. This Idea of a Firat Cause, and the princiido 
involved in the Idea, have been the subject of die- 
cussion in another luanner. As -wo have already said, 
we assume bb an axiom that a First Cause must exist; 
and we aaaert that God, the Firat Cause, exists eter- 
nal and immutable, by the necessity which the axiom 
implies. Hence God is said to exist necessarily; — to 
be a necessarily existing being. And when this neces- 
sary existenae of God had been spoken of, it soon began 
to be contemplated as a sufficient reason, and a.s an ab- 
solute demonstration of His existence; without any 
need of referring to the world as an effect, in order to 
arrive at God as the cause. And thus men conceived 
that they had obtained a proof of the existence of the 
Deity, h priori, from Ideas, as well as ct posteriori, 
from Effects, 

9. Thus, Thomas Aquinas employs this reason- 
ing to prove the eternity of God ' ; ' Opoiiiet poneire 
aliquod primum nocessarium quod est per se ipsum 
necessarium ; et hoc est Deus, cum ait prima causa 
ut dictum est ; igitur Deua satemus est, cum omne 
necessarium per se sit (etemuui.' It is true that the 
schoolmen never professed to be able to prove the 
emstence of the Deity h priori : but they made use 
of this conception of necessary existence in a manner 
■which approached very near to such an attempt. Thus 
Suarez' discusses the question, ' TJtrum aliquo modo 
possit d priori demonstrari Deum esse.' And resolves 
the question in this manner : ' Ad hunc ergo modum 
dioendum est : Demonstrato & posteriori Deum esse 
ens necessarium et a se, ex hoc attributo posse & 
priori demonstrari prseter lUud non posse ease aliud 
ens necessarium et a se, et consequenter demonstrari 
Deum esse.' 

But in modem timos attempts were made by Des- 
cartes and Samuel Clarke, to pi-ove the Divine exist- 
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eiiee at once Apruiri, fi-om the conception of necessary 
existence ; which, it was argued, could not subsist 
without actual exiatenca This argumentation was 
acutely and severely criticiBed by Dr. Waterland. 

10. Without dwelling upon, a subject, the diacuaaion 
of which does not enter into the design of the present 
work, I may remark that tha question whether an 4 
priori proof of the existence of a First Cause be possi- 
ble, is a question concerning the nature of our Idea^ 
and the evidence of the axioms which they involve, 
of the same kind as many questions which we have 
already had to discuss. la our Conception or Idea 
of a First Cause gathered from the effects we see 
around us ! It is plain that we must answer, here 
as in other cases, that the Idea is not extracted from 
the phenomena, bnt assumed In order that the pheno- 
mena may become intelligible to the mind; — that the 
Idea ie a necessary one, inasmuch as it does not depend 
upon observation for its evidence; but that it depends 
upon observation for its development, since without 
some observation, we cannot conceive the mind to be 
cognizant of the relation of causation at all. In this 
respect, however, the Idea of a First Cause is no Ices 
necessaiy than the ideas of Space, or Time, or Cause in 
general. And whether we call the reasoning derived 
from such a neceaaity an argument d priori or A poste- 
riori, in either case it posseesea the genuine character 
of demonstration, being founded upon axioms which 
command nniveraal assent. 

11. I have, however, spoken of our Coneeption ra- 
ther than of our Idea of a First Cause; for the notion 
of a First Cause appears to be rather a modification of 
the Fundamental Idea of Cause, which was formerly 
discuBseil, than a separate and peculiar Idea. And the 
Axiom, t/iat thfre mittt be a First Ganite, is recognised 
by most persons as an application of the general Axiom 
of Causation, tliMt every effect inust have a Cause; this 
latter Axiom being applied to the World, considered in 
its totality, as a single Effect. This distinction, how- 
ever, between an Idea and a Conception, is of no 
material consequence to our argument; provided we 
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aUow the maxim, that there must be a First Canae, to 
be necessarily and evidently true ; whether it be thought 
better to speak of it as an iudependGnt Axiom, or to 
consider it as derived from the general Axiom of 
Causatiom 

iz. ThusweneceBsarily infer a First Cause, although 
the Falietiological Sciences only point toioards it, and 
do not lead us (o it. But I must observe fiirther ; 
that in each of the aeries of events which form the sub- 
ject of Palietiological research, the First Cause is the 
some. Without here resting upon reasoning founded 
upon our Conception of a First Cause, I may remark 
that this identity is proved by the close connexion of sll 
the branches of natural science, and the ■way in which 
the causes and the events of each are interwoven with 
those which belong to the others. We must needs be- 
lieve that the First Cause which produced the earth 
and its atmosphere is also the Cause of the plants 
which clothe its surface; that the First Cause of the 
vegetable and of the animal world are the same ; that 
the First Cause which produced light produced also 
eyes; that the First Cause which produced air and 
organs of articulation pi-oduced also language and the 
feculties hy which language ia rendered possible : and 
i£ those faculties, then also all man's other faculties; — 
the powers by ■which, sn we have said, he discerns 
right and wrong, and recognises a providential as 
well as a natural course of things. Nor can we think 
otherwise thsin that the Being who gave these fecul- 
ties, bestowed them for some purpose ; — hestowed 
them for that p^urpose which alone is compatible with 
their nature: — the purpose, namely, of guiding and 
elevating man in his present career, and of preparing 
Lim for another state of being to which they irreaisti- 
hly direct his hopes. And thus, although, as we have 
said, no one of the FalKtiological Sciences can be 
traced continuously to an Origin, yet they not only 
each point to an Origin, but all to the same Origin. 
Their lines are broken indeed, as they run backwards 
into the early periods of the world, but yet they all 
appear to converge to the same invisible jwint. And ■ 
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ituB point, thus indicated by the n&taral course of 
things, can be no other than that which is disclosed 
to TiH as the starting-point of the providential conrse 
of the world; for we are persuaded by such reasons 
as have just been hinted, that the Creator of the 
natural world can be no other than the Author 
and Governor and Judge of the moral and spiritual 

1 3. Thus we are led, by our material Sciences, and 
especially by the Palsetiological class of them, to the 
borders of a higher region, and to a point of view from 
which we have a prospect of other provinces of know- 
ledge; — to contemplations in which other faculties of 
man are concerned besides his intellectual, other in- 
terests involved besides those of speculation. On these 
it does not belong to our present plan to dwell : but 
even such a brief glance as we have taken of the con- 
nexion of material with moral speculations may not 
be useless, since it may serve to show that the prin- 
ciples of truth which we are now laboriously collect- 
ing among the results of the physical sciences, may 
possibly find some application in tiiose parts of know- 
ledge towards which men most naturally look with 
deeper interest and more serious r 



"We have been employed hitherto in examining the 
materials of knowledge. Facts and Ideas; — Facts in 
our former History, and Ideas in the present History. 
We have dwelt at length on this latt^ element; inas- 
much as the consideration of it is, on various accounts, 
and especially at the present time, hy Ha the most im- 
portant, having hith^to been least distinctly attended 
to as a special element of scientific knowledge. 

There still remains an important task, with a view 
to which we have undertaken this survey of the past 
course of human thought and discovery :^namely, the 
task of determining the processes hy which these mate- 
rials may actually be made to constitute knowledge 
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We have surveyed the stones which lie before us, partly 
built and partly ready for building: we have found 
them exactly squared, and often curiously covered with 
significant imagery and important inscriptions. We 
have now to discover how they may best be fitted into 
their places, and cemented together, so that <ising stage 
above stage, they may grow at last into that fair and 
loffcy temple of Truth, for which we cannot doubt that 
they were intended by the Great Architect. 

This task, the description of the processes by which 
Scientific Truth is discovered and established, we shall, 
as has already been said, entitle, in reference to pre- 
vious attempts of the same kind. Novum Orga/mim 
Renovatvm. 
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